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The present Edition of this Work, like the two 
preceding, has been compiled for the use of the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Coarse of Civil Engineering taught 
them which the Author deemed would prove the most 
useful to pupils in other seminaries, studying for the 
profession of the civil engineer. 

In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accumulation 
of important facts since the publication of the former 
editions. A new form has also been given to the 
work, in the substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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principles and facts respecting those branches of the 
subject of which it treats; and that it will prove a 
serviceable aid to instmctors and pupils, in opening 
the way to a more extensive prosecution ol* the 
studies connected wltn the engineer's an. 
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CIVIL ENGINEERING. 



BUILDING MATERIALS. 

1. A KNOWLEDGE of the properties of building materials is one 
of the most important branches of Civil Engineering. An en- 
gineer, to be enabled to make a judicious selection of materials, 
and to apply them so that the ends of sound economy and skilful 
workmansmp shall be equally subserved, must knovir their or- 
dinary durabiUty \mder the various circumstances in which they 
are employed, and the means of increasing it when desirable ; 
their capacity to sustain, without injury to their physical quali- 
ties, permanent strains, whether exerted to crush them, tear them 
asunder, or to break them transversely ; their resistance to rup- 
ture and wear, from percussion and attrition ; and, finally, the 
time and expense necessary to convert them to the uses for which 
they may be required. 

2. The materials in general use for civil constructions may be 
arranged under the three following heads : 

1st. Those which constitute the more solid components of 
structures, as Stone, Brick, Wood, and the Metals. 

2d. The cements in ceneral, as Mortar, Mastics, Glue, &c., 
which are used to unite the more solid parts. 

dd. The various mixtures and chemical prep'::.rations, as solu- 
tions of Salts, Paints, Bituminous Substances, &c., employed 
to coat the more soUd parts, and protect them from the chemical 
and mechanical action of atmospneric changes, and other causes 
of destructibility. 

STONE. 

3 The term Stone, or Rock, is applied to any aggregation of 
several mineral substances. Stones, for the convenience of de» 
■cription, may be arranged under three general heads — the rilu 
eious, the argillaceous, and the calcareous. 

I 
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4. SiLicious Stones. The stones arranged under this head 
receive their appellation from silex, the principal constituent of the 
minerals wkscn compose them. They are also frequently desig- 
nated, either according to the mineral found most abundantly m 
them, or from the appearance of the stone, as feldspathic, quart* 
zose, arenaceous^ &c. 

5. The sihcious stones generally do not effervesce with acids, 
and emit sparks when struck with a steel. They possess, in a 
high decree, the properties of strength, hardness, and durability ; 
and, although presenting great diversity in the degree of these 
properties, as well as in their structure, they furnish an < xtensive 
variety of the best stone for the various purposes of the engineer 
and architect. 

6. Sienitey Porphyry, and Green-stone, from the abundance 
of feldspar which they contain, ar^ often designated as feldspathic 
rocks. For durability, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granular a^egation of feldspar, horn- 
blende, and quartz. It ftimishes one of the most valuable building 
stones, particularly for structures which require great strength, 
or are exposed to any very active causes of destructibility, as 
sea walls, lighthouses, and fortifications. Sienite occurs in exten- 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easily 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldspar is found, the durabihty of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to the weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ; no pains snould tlierefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
maportant public works. 

8. Porphyry, This stone is usually composed of compact feld- 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porphyry furnishes stones 
of various colors and texture ; the usual color being reddish, ap 
proaching to purple, from wluch the stone takes its name. One 
of the most beautiful varieties is a brecciated porphyry, consist 
ing of angular fragments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness. 
18 seldom applied to any other than ornamental purposes. The 
best known localities of sienite and porphyry are m the neighbor 
hood of Boston. 

9. Green-stone. This stone is a mixture of hornblende witt 
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couimon and compact feldspar, presenting sometimes a granular 
though usually a compact texture. Its ordinary color, wlien dry 
IS some shade of brown ; but, when wet, it becomes green' sh, 
from which it takes its name. Green-stone is very haixi, and 
one of the most durable rocks ; but, occurring in small and 
iixegular blocks, its uses as a building stone are very restricted. 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account well 
adapted to rural architecture. Green-stone jnight also be used 
as a material for road-makinff ; large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
so well known as the Palisades, on the Hudson, for construct- 
ing wharves, as it is found to withstand well the action of salt 
water. 

10. Granite and Gneiss, The constituents of these two stones 
are the same ; being a granular aggregation of quartz, feldspar, 
and mica, in variable proportions. They differ only in their 
structure; gneiss being a stratified rock, the ingredients of 
which occur frequently in a more or less laminated state. Gneiss, 
although less valuable than granite, owing to the effect of its 
structure on the size of the blocks which it yields, and from its 
not splitting as smoothly as granite across its beds of stratifica- 
tion, frimishes a building stone suitable for most architectural 
purposes. It is also a good flagging material, when it can be ob- 
tained in tiiin slabs. 

Granite varies greatly in quality, according to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked with the chisel. An excess of mica usually makes 
the stone friable. An excess of feldspar gives the stone a white 
hue, and makes it freer under the chisel. The best granites are 
those with a fine grain, in which the constituents seem uniformly 
disseminated through the mass. The color of granite is usually 
some shade of gray ; when it varies from this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
gninite, has a fine reddish hue, and is chiefly used for ornamental 
purposes. Granite is sometimes mistaken for sienite, when it 
contains but Uttle mica. 

The quality of granite is affected by the foreign minerals which 
it may contain ; hornblende is said to render it tough, and schorl 
makes it quite brittle. The protoxide and sulphurets of iron ar« 
the most injurious in their effects on granite ; the former by con 
version into a peroxide, and the latter by decomposing, destroying 
the stiiicture of the stone, and causing it to break up and disin- 
tegrate. 

Granite, gneis8> and sienite, differ so little in their essentia] 
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qualities, as a building material, that they may Ite used indiSer 
ently for all structures of a solid and durable character. They 
are extensively quarried in most of the New England States, in 
New York, and in some of the other States intersected by the 
great range of primitive rocks, where the quarries 'ie contiguous 
to tide-water. 

11. Mica Slate. The constituents of this stone are quartz and 
mica ; the latter predominating. It is principally used as a flag 
ging stone, and as a /Jrc stone, or lining for furnaces. 

12. Buhvy or Milestone. This is a very hard, durable stone, 
presenting a peculiar, honeycomb appearance. It makes a good 
building material for common purposes, and is also suitable for 
roav^ coverings. 

13. Hom-stone. This is a highly silicious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, horn-like appearance. It furnishes a very 
good road material. 

14. Steatite^ or Soap-stone, This stone is a partially indura- 
ted talc. It is a very soft stone, and not suitable for ordinary 
building purposes. It furnishes a good fire-stone, and is used 
for the lining of fireplaces. 

15. Talcose Slate. This stone resembles mica slate, being an 
aggregation of quartz and talc. It is applied to the same pur- 
poses as mica slate. 

16. Sandstone. This stone consists of grains of silicious 
sand, arising from the disintegration of silicious rocks, which are 
united by some natural cement, generally of an argillaceous or a 
silicious character. 

The strength, hardness, and durability of sand-stone vary be* 
tween very wide limits. Some varieties being Uttle inferior to 
good granite, as a building stone, others being very soft, friable, 
and disintegratinff rapidly when exposed to the weather. The 
least durable sand-stones are those which contain the most argil- 
laceous matter ; those of a feldspathic character are also found 
not to vrithstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties furnish an 
3xcellent fire-stone. Most of the varieties of sand-stone yield 
readily \mder the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name of free 
stone. The colors of sand-stone present also a variety of shades, 
principally of gray, brown, and red. 

The formations of sand-stone in the United States are very 
extensive, and a number of quarries are worked in New Englandf, 
New York, and the Middle States. These formations, and iho 
character of the stone obtained from them, are minutely described 
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in the Geological Reports of these States ^ which have been pub* 
liahed wittiin the last few years. 

Most of the stone used for the public buildings in Washington, 
is a sand-stone obtained from quarries on Acquia Creek and the 
Rappahannock. Much of this stone is feldspathic, nossesses but 
litlfe strength, and disintegrates rapidly. The rea sand-stones 
which are used in our large cities, are either from quarries in a 
formation extending from the Hadson to North Carolina, or from 
a separate deposite in the valley of the Connecticut. The most 
durable and hard portions of these formations occur in the neigh 
borhood of trap dikes. The fine flagging-stone used in our cities 
is mostly obtained, either from the ^nnecticut quarries, or from 
others near the Hudson, in the Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive formations along the Appalachian range, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17. Argillaceous Stones. The stones arranged under this 
head are mostly composed of clay, in a more or less indurated 
state, and presenting a laminated structure. They vary greatly 
m strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are restricted to roofing and flagdng. 

18. Roofing Slate. This weU-luiown stone is obtained from 
a hard, indurated clay, the surfaces of the lamina having a natu« 
ral polish. The best kinds spUt into thin, uniform, Ugnt slabs ; 
are free from sulphurets of iron ; give a clear ringing sound when 
struck ; and absorb but Uttle water. Much of me roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the material obtained from some of the quar- 
ries worked in the United States, is not apparently inferior to the 
best foreign slate brought into our markets. Several quarries of 
roofing slate are workSl in the New England States, New York, 
and Pennsylvania. 

19. Graywacke Slate, The composition of this stone ia 
mo'stly indurated clay. It has a more earthy appearance than 
argillaceous slate, and is generally distinctly arenaceous. Its 
colors are usually dark gray, or red. It is quarried principally 
for flagging-stone. 

20. Hornblende Slate This stone, known also as green-stone 
sl&te, properly belongs to the silicious class. It consists mostly 
of hornblende having a laminated structure. It is chiefly quarried 
for flagging-stone. 



8 BUILDING MATERIALS. 

21. CiLCAREous Stones. Lime is the p/ncipal constitueirt 
of this class, the carbonates of which, known as lime-stone and 
marble, iurnish a large amount of ordinary b lilding stone, most 
of the ornamental stones, and the chief ingredient in the compo- 
sition of the cements and mortars, used in stone and brick-work. 
Lime-stone eflfervesces copiously with acids ; its texture is de- 
stroyed by a strong heat, which also drives off its carbonic acid 
and water, converting it into quick Ume. By absorbing water, 
quick-hme is converted into a hydrate, or slaked hme ; consider- 
able heat is evolved during this chemical change, and die stone 
increases in bulk, and gradually crumbles down into a fine 
powder. 

The lime-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best suicious stones, 
and are but little inferior to them in strength and hardness ; others 
decompose rapidly on exposure^ to the weather ; and some kinds 
are so soft that, when nrst quarried, they can be scratched with 
the nail, and broken between the fingers. The lime-stones are 
generally impure carbonates ; and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for constructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, furnish 
the large number of colored and variegated marbles ; while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, from their possessing the 
property of hardening under water, have received the various 
appellations of hydraulic lime, water Ume, Roman cement, &c. 

Lime-stone is divided into two principal classes, granular 
lime-stone and compact Ume-stone. Each of these furnishes both 
tlie marbles and ordinary building stone. The varieties not sus- 
ceptible of receiving a polish, are sometimes called common hme- 
stonc. 

The granular lime-stones are generally superior to the compact 
for building purposes. Those which have the finest grain are the 
best, both for marbles and ordinary building stone. The coarse- 
grained varieties are frequently friable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com- 
pact and granular, work fireely under the chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for the 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
foreign minerals it may contain ; the presence of clay injures the 
stone, particularly when, as sometimes happens, it runs through 
the bed in very minute veins : blocks of stone having this imper- 
fection, soon separate along these veins on exposure to moisture. 
The protoxide, the protocarbonate, and the sulphuret of iron, arc 
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also very destructive in their effects ; frequently causing, by then 
chemical changes, rapid disintegration. 

Among the varieties of impure carbonates of lime, the magnet 
nan lime-stones, called dolxmiitesy merit to be particularly no- 
ticed. They are regarded in Europe as a superior building 
material ; those being considered the best which are most crys- 
talline, and are composed of nearly equal proportions of the 
carbonates of lime and magnesia. Some of tne quarries of this 
stone, which have been opened in New York and Massachusetts, 
have given a different result ; the stone obtained from them being, 
in some cases, extremely friable. 

22. Marbles, The term marble is now applied exclusively 
to any Ume-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to ornamental pur- 
poses. The marbles present great variety, both in color and ap- 
pearance, and have generally received some appropriate name 
descriptive of these accidents. 

23. Statuary Marble is of the purest white, finest grain, and 
free from all foreign minerals. It receives that delicate polish, 
without glare, which admirably adapts it to the purposes of the 
sculptor, for whose uses it is mostly reserved. 

24. Conglomerate Marble. This consists of two varieties ; the 
one termed pudding stone, which is composed of rounded pebbles 
imbedded in compact lime-stone ; the other termed breccia, con- 
sisting of angular fragments united in a similar manner. The 
colors of these marbles are generally variegated, forming a very 
handsome ornamental material. 

25. Birds-eye Marble, The name of this stone is descriptive 
of its appearance, which arises from the cross sections of a pecu- 
liar fossil {fucoides demissus) contained in tlie mass, made in 
sawing or splitting it. 

26. Lumachella Marble. This is obtained from a lime-stone 
having shells imbedded in it, and takes its name from this cir- 
cumstance. 

27. Verd Antique. This is a rare and costly variety, of a 
beautiful green color, caused by veins and blotches of seiyentine 
diffused through the Ume-stone. 

28. The terms veined, golden, Italian, Irish, &c., given to 
the'marbles found in our markets, are significant of their appear- 
ance, or of the localities from which they are procured. 

29. Lime-stone is so extensively diffiised throughout the Uni- 
t3d States, and is quarried, either for building stone or to fiimish 
lime, in so many locaJities, that it would be impracticable to enu 
merate all within any moderate compass. One of the most re- 
markable formations of this stone extends, in an uninterrupted 
oedy from Canada, through tlie States of Vermont, Mass., Conn. 
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New York, New Jersey, Penn., and Virg., and, in all probabiliiy 
much farther south. 

Marbles are quarried in various localities in the United States 
Among the most noted are the quarries in Berkshire Co., Mass., 
which furnish both pure and variegated marbles ; those on the 
Potomac, from which the columns oi conglomerate marbles were 
obtained that are seen in the interior of me Capitol at Washing- 
ton ; several in New York, which furnish white, the birds-eye, ana 
otlier variegated kinds; and some in Conn., which, among other 
varieties, furnish a verd antique of handsome quality. 

Lime-stone is burned, either for building or agricultural pur- 
poses, in almost every locality where deposites of Uie stone occur. 
Thomaston, in Maine, has supplied for some years most of the 
markets on the sea-board with a material which is considered as 
a superioi^ article for ordinary building purposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydraulic or water lime-stones of 
New York. The preparation ot this material, so indispensable 
for all hydrauUc works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of tlie United States, 
being in great demand for all the puohc works carried on under 
the superintendence of our civil and military engineers. A not 
less valuable addition to our building materials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
drties. Irom experiments made by Vicat, in France, who first 
there observed tne same properties in thq dolomite, and from 
those in our own country, it appears highly probable that the mag- 
iiesian Ume-stones, containing a certain proportion of magnesia, 
will be found fully equal to the argillaceous, from which hydrauhc 
lime has hitherto been solely obtained. 

Both of these lime-stones belong to very extensive formations. 
The hydraulic lime-stones of New York occur in a deposite called 
the Water-lime Group, in the Geological Survey of New York 
corresponding to formation VI. of Prof. H. B. Rogers' arrange- 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ; it is exposed in 
many of the valleys of Penn. and Virg., west of the Great Valley. 
It may be sought for just below or not far beneath die Oriskan} 
sand-stones of the New York Survey, which correspond to form- 
ation VII. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, gianular texture, with large cavities 
left by decayed shells. The lime-stone is usually an earthy 
drab-colored rock, sometimes a greenish blue, wmch does do 
slake after being burned. 
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The hydraxilic magnesian lime-stones belong to the fonnations 
[I. and Vl. of Rogers ; the first of these is the same as the Black 
River, or Mohawk lime-stone of the New York Siirvey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
throughout the whole bed, associated with the slates which occu- 
py formation III. of Rogers, and are called the Hudson River 
Group in the New York Survey. This extensive bed lies in the 
great Appalachian Valley, known as the Valley of Lake Cham- 
plain, V alley of the Hudson, as far as the Highlands, Cumberland 
Valley, Valley of Virginia, and Valley of East Tennessee. The 
same stone is found in the deposites of some of the western val- 
leys of the mountain region of Penn. and Virginia. 

The important e of hydraulic lime to the security of structures 
exposed to constant moisture, renders a knowledge of the geo- 
logical positions of those lime-stones from which it can be ob 
tained an object of great interest. From the results of the various 
geological surveys made in the United States, and in Em-ope, 
lime-stone, possessing hydraulic properties when calcined, may 
be looked for among those beds which are found in connection 
with the shalesj or other argillaceous deposites. The celebrated 
Raman, or Parker's cement^ of England, which, from its prompt 
induration in water, has become an important article of commerce, 
is manufactured from nodules of a concretionary argillaceous 
lime-stone, called septaria, from being traversed by veins of 
sparry carbonate of lime. Nodules of this character are found 
in Mass., and in some other States ; and it is probable they would 
yield, if suitably calcined and ground, an article in nowise inferior 
to that imported. 

30. Gypsum^ or Plaster of Paris. This stone is a sulphate of 
lime, and has received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it is quarried and sent to 
all parts of the world ; bemg of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime which the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
Its chief utility is in furnishing a beautiful material for the orna- 
mental casts and mouldings in the interior of edifices. For this 
purpose it is prepared by calcining, or, as the workmen term it, 
ooiting the stone, until it is deprived of its water of crystallization. 
In this state it is made into a thin paste, and poured into moulds to 
form the cast, in which it hardens very promptly. Ca bined plaster 
of Paris is also used as a cement for stone ; but it is eimnently unfit, 
for this purpose ; for when exposed, in any situation, to moisture- 
•it absorbs it with avidity, sweDs, cracks, and exfoliates rapidly.. 

Gypsum is foimd in various localities in the United States 
Large quantities of it are quarried in New York, both for build 
ufig and agricultural purposes. 

2 
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31. Durability of Stone. The most important propertic* 
of stone, as a building material, are its dtirability inder the or 
dinary circumstances of exposure to weather ; it» capacity to 
sustain high degrees of temperature; and its resistance to the 
destructive action of fresh and salt water. 

The wear of stone from ordinary exposure is veiy variable, 
depending, not only upon the texture and constituent elements of 
the stone, but also upon the locaUty and the position it may oc- 
cupy in a structure, with respect to the prevailing driving rains. 
The chemist and geologist have not, thus far, laid down any in- 
fallible rules to guide the engineer in the selection of a material 
tlxat may be pronounced durable for the ordinary period allotted 
to the works of man. In truth, the subject admits of only gen- 
eral indications ; for stones having the same texture and chemical 
composition, from causes not fully ascertained, are found to pos- 
sess very different dcOTces of duration. This has been particu- 
larly noted in feldspathic rocks. As a general rule, those stones 
which are fine-grained, absorb least water, and are of greatest 
specific gravity, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise from a large propor- 
tion of iron in the state of a protoxide, a circumstance generally 
unfavorable to its durability. jBesides, the various chemical com 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentary sihcious rocks, 

Sreatly affect their durability. The potash contained in feldspar 
issolves, and carrying off a considerable proportion of the sihca, 
leaves nothing but aluminous matter behind. The clay, on the 
other hand, absorbs water, becomes soft, and causes the stone to 
crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while it greatly diminishes the value of some «<x)nes, 
as in white marble, in others is not disagreeable to the eye, pro 
ducing often a mottled appearance in buSdings which adds to the 
picturesque effect. 

32. Frost, or rather the alternate actions of freezing and thaw 
ing, is the most destructive agent of Nature with which the en 
ffineer has to contend. Its effects vary with the textiue of stones ; 
those of a fissile nature usually spUtting, while the more porous 
kinds disintegrate, or exfoHate at the surface. When stone from 
a new quarry is to be tried, the best indication of its resistance tc 
frost may be obtained from an examination of any rocks of the 
same kind, within its vicinity, which are knovim to have been 
exposed for a long period. Submitting the stone fresh from the 
quarry to the direct action of freezing would seem to be the most 
tertain test, were the stone destroyed by the expansive action 

/)ne of frost : but besides the uncertainty of this test, it is knowir 
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that some stones, which, when first quarried, are much affected 
by frost, sphtting under its action, become impervious to it afte' 
they have lost the moisture of the quarry, as they do not re-absof ^ 
uear so large an amount as they bring from the quarry. 

33. M. Brard, a French chemist, has given a process for as- 
certaining the effects of frost on stone, which has met with the ap« 
proval of many French architects ajid engineers of standing, as 't 
corresponds with their experience. M. Brard directs that a smali 
cubical block, about two inches on the edge, shaL ^le carefullv 
sawed from the stone to be tested. A cold saturate, solution ot 
sulphate of soda is prepared, placed over a fire, and brought to 
the boiling point. Tne stone, suspended from a string, is im- 
mersed in tne boiling liquid, and kept there during thir^ minutes ; 
it is then carefully withdrawn ; the hquid is decanted, free from 
sediment into a flat vessel, and the stone is suspended over it in 
a cool cellar. An efflorescence of the salt soon makes its appear- 
ance on the stone, when it must be again dipped into the liquid. 
This should be done once or more frequently during the day, 
and the process be continued in this way for about a week. The 
earthy sediment, found at the end of this period in the vessel, is 
weighed, and its quantity will give an indication of the like effect 
of frost. This process, with the official statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in vol. 38, Annales ae Chimie et de Physique, and the 
results are such as to commend it to the attention of engineers in 
submitting new stones to trial. 

34. By the absorption of water, stones become softer and more 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, lime-stone, and com- 
mon sand-stone, do not make good road materials of broken stone. 
All the hornblende rocks, porphyry, compact feldspar, and the 
quartzose rock associated with graywacke, furnish good, durable 
road coverings. The fine-grained granites which contain but a 
small proportion of mica, me fine-grained silicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material when used in blocks for pavinc. Mica slate, talcose 
slate, hornblende slate, some varieties of gneiss, some varieties 
of sand-stone of a slaty structure, and graywacke slate, yield ex- 
cellent materials for flai^-stone. 

35. The influence of locality on *Jie durability of stone is very 
marked. Stone is observed to wear more rapidly in cities than 
m the country ; and the stone in those parts of edifices exposed 
to the prevaumg rains and winds, soonest exhibits signs of decay. 
The disintegration of the stratified stones placed in a wall, is 
mainly affected by the position which the strata or quarry 6*d 
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receives, witli respect lo the exposed s"rface ; proceeding fiutr^f 
when the faces of the strata are exposed, than in the contrary 
position. 

3f>. Stones which resist a high degree of heat without fusing 
are used for lining furnaces, and are termed fire-stones. A good 
fire -stone should not only be infusible, but also not liable to crack 
or exfoUate from heat. Stones that contain lime, or magnesia, 
except in the form of silicates, are usually unsuitable for fire- 
stones. Some porous silicious lime-stones, as well as some gyp- 
sous silicious rocks, resist moderate degrees of heat. Stones 
that contain much potash are very fusible under high tempera- 
tures, running into a glassy substance. Quartz and mica, in 
various combinations, fiimish a good fire-stone ; as, for example, 
finely granular quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
proportion of arenaceous quartz. Several varieties of sand-stone 
make a good lining for furnaces. They are usually those varie 
lies which are free from feldspar, somewhat porous, and are un 
crystallized in the mass. TaJcose slate likewise furnishes a good 
fire-stone. 

37. Hardness is an essential quality in stone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, flag- 
ging, and steps for stairs, should be hard, and of a grain sum 
ciently coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone with the chisel, and to the cost of 
the prepared material, builders prefer the softer or free-stones^ 
such as the lime-stones and sand-stones, for most building pur« 
poses. The following are some of the results, on this point, ob 
tained firom experiment. 

Table showing the result of experiments made under the direc 
tion of Mr, Walker, on the wear of different stones in the tram* 
way on the Commercial Road, London, from 27th March, 
1830, to 2^th August, 1831, being a period of seventeen 
numths. Transactions of Civil Engineers^ vol. 1. 



Name of •tone. 



SQp.araa 
lnfe«L 



Original weight. 



Loss of 

weight by 

wear. 



flip. foot. 



Relative 
losses. 



Guernsey . . 
Herme . . . 
Budle . . . 
Peterhead (blue) 
Heytor . . 
Aberdeen (red) 
Dartmoor . . 
Aberdeen (blue) 



4.734 
5.250 
6.336 
3.484 
4.313 
5.375 
4.500 
4.8S3 



cwt. qrs. 
7 1 



lbs. 
12.75 
24.25 
15.75 

7.50 
15.25 
11.50 
25.00 
ICOO 



4.50 

5.50 

7.75 

6.25 

8.25 

11.50 

12.50 

14.75 



0.951 


1.000 


1.048 


1.102 


1.223 


1.286 


1.795 


1.887 


1.915 


2.014 


2.139 


2.249 


2.778 


2.921 


3.058 


3.21« 
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The V >fniejfcial Road stoneway consists of twt parallel Ikes 
of rectangular tramstones, 18 inches wide by 12 inches deep, and 
jointed to ench other endwise, for the wheels to travel on, with a 
common sir^^U pavement between for the horses. 

The follo^^ WK table gives the results of some experiments on 
the wear of u mie-grained sand-stone pavement, by M. CorioUsy 
during 8 ye«iiis, upon the paved road from Paris to Toulouse, the 
carriage ov«r which is about 500 tons daily, pubhshed in the 
Annales des Fonts et Chatis^es, for March and April, 1834 





Volume of water abMirbed by the | 


Wctaht of a 
cubic foot. 


dry stono allcr one day's im- 


Ifiean annual 


roersion. compared to that of 


wear. 




the stone. 




158 lbs. 


Neglected as insensible. 


0.1023 inch. 


164 *' 


M 


0.1063 " 


166 " 


(( 


0.1899 " 


150 " 


A in Tolume. 


0.21S6 '' 


148 " 


/. " 


0.2677 " 



M. Coriolis remarks, that the weiffht of water absorbed affords 
one of the best indications of the durabiUty of the fine-grained 
sand-stones used in France for pavements. An equally good test 
of the relative durabihty of stones of the same kind, M. CorioUs 
states, is the more or less clearness of sound given out by striking 
the stone vnth a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ. Engineer, inserted in the Journal of the Franklin 
Institute for Oct. 1836, on the resistance of various substances 
to abrasion. The substances were abraded against a piece of 
white statuary marble, which was taken as a standara, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was calculated from the weight lost by each substance 
during the operation. 

Comparative Resistance to Abrasion. 

Aberdeen granite ..... 960 

Hard Yorkshire paving stone .... 327 

Italian black marble 260 

Kilkenny black marble 110 

Statuary Marble 100 

Old Portland stone 70 

Roman cement stone 60 

Fine-grained Newcastle grindstone ... 63 

Stock brick 34 

Coarse-grained Newcastle grindstone • 14 

Bath stone 19 



14 BUILDING MATERIALS. 



LIME. 



38. Lime, considered as a building material, is now usuallj 
dirided into three principal classes ; Common, or Air lime^ Hy 
draulic limSy and Hydraulic, or Water cement. 

39. Common, or air lime, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic lime and hydraulic cement both take their name 
from hardening under water. The former differs from the latter 
m two essential points. It slakes thoroughly, like common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not slake, and usually hardens very soon. 

41. Our nomenclature, with regard to these substances, is still 
quite defective for scientific arrangement. For the lime-stones 
which jrield hydrauhc lime when completely calcined, also give 
an hydraulic cement when deprived of a portion only of meir 
carbonic acid ; and otlier lime-stones yield, on calcination, a result 
which can neither be termed Ume nor hydraulic cement, owing 
to its slakinff very imperfectly, and not retaining the hjuxiness 
which it quickly takes when first placed under water. 

M. Vicat, whose able researches into the properties of lime and 
mortars are so well known, has proposed to apply the term cement 
lime-stones {calcaires a ciment) to those stones which, when com- 
pletely calcined, yield hydraulic cement, and which under no de- 
gree of calcination, will give hydraulic lime. For the Ume-stones 
which yield hydraulic lime when completely calcined, and which, 
when subjected to a decree of heat insufficient to drive off all their 
carbonic acid, yield hydraulic cement, he proposes to retain the 
name hydraulic lime-stones ; and to call the cement obtained 
from their incomplete calcination, under-burnt hydraulic cement, 
{ciments dHncuits,) to distinguish it from that obtained from the 
cement stone. With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties both 
of limes and cements, he proposes for them the name of dividing 
limes, {clumx limites,) 

The ttrmsfat and meager are also applied to limes ; owing tc; 
the difference in the quality of the paste obtained from them with 
the same quantity of water. The fat hmes give a paste which is 
unctuous both to the sight and touch. The meager limes yield 
a thin paste. These names were of some importance when first 
introduced, as they served.to distinguish common from hydraulic 
lime, the former being always fat, the latter meager ; but, latei 
experience having shovm that all meager limes are not hydraulic, 
the terms are no longer of use, except to designate qualities of 
the paste of limes. 
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42. Hydraulic Limes and Cements. The lime-stontB which 
yield these substances are either argillaceousy or magnesian, or 
argilo-magnesian. The products of their calcination vary con 
siderably in their hydrauhc properties. Some of the hydraulic 
limes harden, or set very slowly under water, while others set rap- 
idly. The hydraulic cements set in a very short time. Thiia 
diversity in the hydraulic energy of the argillaceous lime-stones, 
arises from the variable proportions in which the lime and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French service, in an able 
work entitled Recherches sur la Cfutuffoumerie, gives the follow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Lime. 


Clay. 


Rdsnlting products. 


DiatincUve chanu:ten of the prodncta. 


100 





Very fat lime. 


Incapable of hardening in water. 
C Slakes like pure lime, when 


90 


10 


Lime a little hydraulic, 
do. quite hydrauUc. 


80 


20 


< properly calcined, and hard- 


70 


30 


do. do. 


f ens under water. 


60 


40 


Plastic, or hydraulic cement. 


C Does not slake under any cir- 


60 


50 


do. 


< cumstances, and hardens un- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


Calcareous puzzolano (brick). 


i Does not slake nor harden un- 


20 


80 


do. do. 


< der water, unless mixed with 


10 


90 


• do. do. 


( a fat, or an hydraulic lime. 





100 


Puzzolanoof pure clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob- 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent elements and properties. The following table 
gives the results of analyses to determine the relative proportions 
of lime and clay in these cements. 



Table of Foreign Hydraulic Cements, showing the relative pro^ 
portions of Clay and Lime contained in them. 



English, (commonly known as Parker's, or Roman gement) 
French, (made from BotUogne pebbles) 

Do. (Pouilly) .... 

Do. do. ... 

Do. (Baye) 

Russian 



L 



LlfDO. 



55.40 
54.00 
42.86 
36.37 
2162 
62.00 



Olay. 



44.60 
46.00 
57.14 
63.63 

78.38 
38.00 



The hydraulic cements used in England are obtained froo* 



16 



BUILDING MATERIALS. 



various localities and differ but little in the relative propoitioiis 
of lime and clay found in them. Parker's cement, so called from 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodules 
18 the same as that of the Boulogne peboles found on the opposite 
coast of France. The stones which furnish the English and 
French hydraulic cements, contain but a very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, from the most 
noted localities, published in the Geological Report of the State 
of New Yorky 1839, are given by Dr. Beck. 



Analysis of the Manlius Hydraulic Lime-^tone, 

Carbonic acid 39.80 

Lime 26.24 

Magnesia 18.80 

Silica and alumina . . .13.60 

Oxide of iron 1.26 

Moisture and loss . . .1.41 

100.00 



This Stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 



Analysis of the Chittenango Hydraulic Lime^tone^ before and 
after calcination. 







Unbnnt 


Carbonic acid and moisture 
Lime . • • . • 
Magnesia .... 

Silica 

Alumina and oxide of iron 


Bunt 


Carbonic acid 
Lime . . . . 
Magnesia . 
SUica . . . . 
Alundna 
Peroxide of iroc 
Moisture 




39.33 

26.00 

17.83 

11.76 

2.73 

1.60 

1.60 


10.90 
39.60 
22.27 
16.66 
10.77 


100.00 






100.00 
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extenoT layers of the immersed wood. The practice of keeping 
timber in water, with a yiew to facilitate its seasoning, has been 
condenmed as of doubtful utility ; particularly immersion in salt 
water, where the timber is Uable to the inroads of those two very 
destructive inhabitants of our watej^, the Limnoria Tetebrans^ 
and Teredo Navalis ; the former of which rapidly destroys the 
heaviest logs, by gradually eating in between the annual rings ; 
and the latter, the well-known ship-womiy by converting timber 
into a perfect honeycomb state by its numerous perforations. 

178. Steaming is mostly in use for ship-builain^, where it is 
necessary to soften the fibres, for the purpose of bending large 
pieces ot timber. This is effected b)^ piacmg the timber in strong 
steam-tight cylinders, where it is subjected to the action of steam 
long enough for the object in view ; the period usually allowed, 
is one hour to each inch in thickness. Steaming slightly impairs 
the strength of timber, but renders it less subject to decay, and 
less liable to warp and crack. 

179. When timber is used for posts partly imbedded in the 
ground, it is usual to char the part imbedded, to preserve it from 
decay. This method is only serviceable when the limber has been 
previously well seasoned ; but for green timber it is highly inju- 
rious, as by closing the pores, it prevents the evaporation from the 
surface, and thus causes fermentation and rapid decay within. 

180. The most durable timber is procured horn trees of a close- 
compact texture, which, on analysis, yield the largest quantity of 
carbon. And those which grow in moist and shady localities,, 
furnish timber which is weaker and less durable than that from 
trees growing in a dry open exposure. 

181. Timber is subject to. defects, arising either from some 
peculiarity in the growth, of the- tree,, or from the effects of the 
weather. Straight-grained timl3|er, free from knots, is superior 
in strength and quality.^ as a building, material, to that which is 
the reverse. 

182. The action of high winds, or. of severe frosts, injures the 
tree while standing : the former separating the layers from each 
other, forming" what is denominated rolled timber; the latter 
cracking the timber in several places, from th^ surface to the 
centre. These defects, as well as those arising from worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of the. 
decay of timber ; as all the remedies thus far proposed to prevent 
them, are too expensive to admit of a very general application i 
Both of these causes have the same origin, fermentation, and 
consequent putrefaction. The wet rot takes place in wood ex- 
posed, alternately, to moisture and dryness ; and the dry rot is 
occasioned by want of a free circulation of air, as in confined 

7 
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wann localities^ like cellars and the more confined parts <rf 
vessels. 

Trees of rapid growth, which contain a arge portion of sap* 
wood, and timber of every description, wher. usea green, where 
there is a want of a free circulation of €di, decay very rapidly vritb 
llie rot. 

184. Numberless experiments have been made on the preser- 
vation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes have yielded the most satisfactoiv resuJits ; and nearly 
all have proved more or less efficacious. The means moady re- 
sorted to have been the saturation of the timber in the solution 
of some salt with a metallicf, or earthy base, thus forming an in- 
soluble compound with the soluble matter of the timber. The 
salts which have been most generally tried, are the sulphate of 
iron, or copper, and the chloride of mercuiy, zinc, or calcium. 
The results obtained from the clilorides have been more satisfac* 
tory than those from the sulphates ; the latter chss of salts with 
metallic bases possess undoubted antiseptic properties ; but it is 
stated that the freed sulphuric acid, arising from the chenocal 
action of the salt on the wood, impairs the woody fibre, and 
changes it into a substance resembling carbon. 

185. The processes which have come into most general use^ 
are those of Mr. Kyan, and of Sir W. Burnett, caffed after the 
patentees kyanizing and bumetizing, Kyan's process is to sat- 
urate the timber with a solution of chloride of mercury ; u^ing, 
for the solution, one pound of the salt to five gallons of water 
Burnett uses a solution of chloride of zinc, in uie proportioL of 
one pound of the salt to ten gallons of water, for common ptir- 
poses ; and a more highly concentrated solution when the object 
is also to render the wood incombustible. 

186. As timber under the ordinary circumstances of immer- 
sion imbibes the solutions very slowly, a more expeditious, as 
well as more perfect means of saturation has been used of late, 
which consists in placing the wood to be prepared in strong 
wrought-iron cylinders, lined with felt and boarcfe, to protect the 
iron from the action of the solution, where, first by exhausting 
the cylinders of air, and then applying a strong pressure by means 
of a force-pump, the liquid is forced into the sap and air-vessels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr. 
Earle has received most notice. This consists in boiling the 
timber in a solution of the sulphates of copper and iron. Opinion 
seems to be divided as to the efficacy of this method. It has been 
tried for the preservation of timber xor artillery carriages, but nol 
ivith satisfactcnry results 
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188. M. Boitcherie j whose able researches on this subject 
reference has been made, noticing the slowness with which 
aqueous solutions were imbibed by wood, when simply im- 
mersed in them, conceived the ingenious idea of rendermg the 
vital action of the eap-vessels subservient to a thorough impreg- 
nation of every part of the tmnk where there was tms vitality 
To effect Ais, he first immersed the butt end of a freshly-felled 
tree in a Uquid, and found that it was difflised throughout all parts 
of the tree, in a few days, by the action in (juestion. But, find 
>ng it difficult to manage trees of some size when felled, M. 
Boucherie next a$itempted to saturate them before felling; for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut from the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibres 
untouched to support the tree. One end of the auger-hole was 
then stonped, as well as all of the saw-cut on the exterior, and 
the liquid was introduced by a. tube inserted into the open end of 
the auger-hole. This method was found equally efficacious with 
the first, and more convenient. 

189. After examining the action of the various neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
try the impure pyrolignite of iron, both from its chemical compo-* 
sition and its cneapness. The results of this experiment were 
perfectly satisfactory. The p3rrohgnite of iron, in the proportion 
of one fiftieth in weight of the green wood, was found not only to 
preserve the wood from decay, but to harden it to a very high 
degree. 

190. Observing that the pliability and elasticity of wood de- 

Ended, in a great measure, on the moisture contamed in it, M. 
mcherie next directed his attention to the means of improving 
these properties. For this purpose, he tried solutions of various 
deliquescent salts, which were lound to answer the end proposed. 
Among these solutions, he gives the preference to that of chloride 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also recommends for like purposes th6 mother 
water of salt-marshes, as cheaper than the solution of the chloride 
of calcium. Timber prepared m this way is not only improved 
in elasticity and pliability, but is prevented from warping and 
cracking ; the timber, however, is subject to greater variations in 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the earthy chlorides will 
also act as preservatives, but to ensure this he recommends that 
they be mixed vnth one fifth of pyrolignite of iron. 

192. From other experiments of M. Boucherie, it appears thai 
the sap may be expelled from any freshly-felled timber by the 
pressure of a Uquid, and the timber be impregnated as thoroughly 
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as by the preceding processes. To effect this, the piece to be 
saturated is placed in an upright position, bo that the sap may 
flow readily trom the lower end ; a water-tiffht bag, containing 
the liquid, is affixed to tlie upper extremity wnich is surmounted 
by the liquid, the pressure from which expels the sap, and fills 
the sap-vessels with the Uquid. The process is complete when 
the liquid is found to issue in a pure state from the lower end of 
the stick. 

193. Either of the above processes may be applied in impreg- 
nating timber with coloring maXter for ornamental purposes. The 
plan recommended by M. Boucherie,. consists in introducing sep« 
arately the solutions by the chemical union of which tlie color is 
to be formed. 

194. The effect of time on tlie duraj^ility of timber, prepared 
by any of the various chemical processes which have just been 
detailed, remains to be seea; although results of the most satis- 
factory nature may be looked for, considering the severe tests to 
which most of them have been submitted, by exposure in situa- 
tiops pecuUarly favorable to the destruction oi hgneoua sub- 
stances. 

195. The durability of timber^ when not prepared by any of 
the above-mentioned processes, varies greatly under different cir- 
cumstances of exposure. If placed in a shellered position, and 
exposed to a free circulation oi air, timber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if not superior, durability is ooserved when it 
is inunersed in fresh water, or embedded in thick walls, or 
undei ground, so as to be beyond the influence of atmospheric 
changes. 

196. In salt water, however, particularly in warm cUmates, 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans^ attacking, it is said, only station- 
ary wood, while the attacks of the other, the teredo navalis, are 
general. Various means have been tried to guard against the 
ravages of these destructive agents ; tliat of sheathing exposed 
timber with copper, or with a coating of hydrauhc cement^ affixed 
to the wood by studding it thickly over with broad-headed nails to 

Sive a hold to the cement^ has met vrith fiill success ; but the oxi- 
ation of the metal, and the liability to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pre- 
serving timber by impregnatmg it with coal tar, patented in this 
country by Professor Kenwick, appears, from careful experi- 
ments, also to be efficacious against tne attack of the ehip-worm. 
A coating of Jeffery's marine glue, when impregnated with some 
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3f the insol ible mineral poisons destructive to animal life, is said 
JO subserve the same end. 

197. The best seasoned timber wil rot vnthstand tlie effect* 
of exposure to the weather for a much greater period than twenty 
five years, unless it is protected by a coating of paint or pitch, 
or 01 oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves, being of a perishable na 
ture, require to be renewed, from time to time, and vnll, there- 
fore, be serviceable only in situations which admit of their renewal. 
They are, moreover, more hurtful than serviceable, to unseasoned 
timber, as by closing the pores of the exterior surface, they pre- 
vent the moisture from escaping from vnthin, and, therefore, pro- 
mote one of the chief causes of decay. 

198. The forests of our own country produce a great variety 
of the best timber for every purpose, and supply abundantly both 
our own and foreign markets. The foUovnng genera are in most 
common use. 

199. Oak, About forty-four species of this tree are enumera- 
ted by botanists, as foimd in our forests, and those of Mexico. 
The most of them afford a good building material, except the 
varieties of red oak, the timber of which is weak, and oecays 
rapidly. 

The White Oak, {Quercns Alba^) so named from the color 
of Its bark, is among the most valuable of the species, and is in 
very general use, but is mostly reserved for naval constructions ; 
Its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches affording the best compass timber. The 
wood is strong and durable, and of a shghtly reddish tinge ; it is 
not suitable for boards, as it shrinks about j'j in seasoning, and 
is very subject to warp and crack. 

This tree is foimd most abundantly in the Middle States. - It 
is seldom seen, in comparison with other forest trees, in the 
Eastern and Southern States, or in the rich valleys of the West* 
em States. 

Post Oak, {Qtuercus Obtusiloba.) This tree seldom attains a 
^eater diameter than about fifteen inches, and, on this account, 
is mostly used for posts, from which use it takes its name The 
wood has a yellovnsh hue, and close grain ; is said to exceed 
white oak in strength and durability ; and is, therefore, an excel- 
lent building material for the lighter kinds of frame-work. This 
tree is found most abundantly in the forests of Maryland and Vir- 
ginia, and is there frequently called Box White Odk^ tmd Iron 
Oak. It also grows in the forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut \\Tute Oak, {Quercus Prinus Palustris.) The tun 
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oer of ihiB tree 9 strong and durable, but inferior to the two pre 
ceding species. The tree is abundant from North Carolina ti 
Florida. 

Rock Chesnu Oak, {Quercus Prinus Monticola.) The timber 
of this tree is mostly in use for naval constructions, for wiiich it 
is esteemed inferior only to the white oak. The tree is fcund in 
the Middle States, and as far north as Vermont. 

Live Oak, {Quercus Virens.) The wood of this tree is of a 
yellowish tinge ; it is heavy, compact, and of a fine grain ; it is 
stronger and more durable than any other species, and, on this 
account, it is considered invaluable for the purposes of ship- 
building, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty 
miles from the seacoast. It is found in abundance along the 
coast south, and in the adjacent islands as far as the mouth of the 
^Mississippi. 

200. Fine. • This very interesting genus is considered inferior 
only to the oak, from the excellent timber afforded by nearly all 
of its species. It is regarded as a most valuable building mate 
rial, owmg to its stren^ and durability, the straightness of its 
fibre, the ease with which it is wrought, and its applicabiUty to 
all the purposes of constructions in wood. 

Yellow Pine, {Pinus Mitis.) The heart-wood of this tree is 
fine-grained, moderately resinous, strong, and durable ; but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The timber is in very general use for frame-work, &c. 

This tree is found throughout our country, but in the greatest 
abundance in the Middle States. In the Southern States, it is 
known as Spruce Pine and Short4eaved Pine. 

Long-leaved Pine, or Southern Pine, {Pinus Atcstralis.) This 
tree has but little sap-wood : and the resinous matter is uniformly 
distributed throughout the heart-wood, which presents* a fine com- 
pact grain, having more hardness, strength,' and durabihty, than 
any other species of the pine, owing to which qualities the timber 
is in very great demand. 

The tree is first met with near Norfolk, Virguiia, and from tliis 
point south, it is abundantly found. 

White Pine, or Northern Pme, {Pinus Strobus.) This tree 
takes its name from the color of its wood, which is white, soft 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
mg in damp weather. Its timber is, however, in great demand 
as ajffood building material, being almost the only kind in use in 
the Eastern and Northern States, for the frame-wark and joinery 
Qf houses, &c. 
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The fineat specunens of this tree grow in the foreeis of Maine 
.t is found in great abundance between the 43d ard 47th pand 
leis, N. L. 

201. Among the forest trees in less general use than the oak 
and pine, the Locust^ the Chesnut^ the Red Cedar, ard the Larc\ 
hold the first place for hardness, strength, and durability. They 
are chiefly used for the frame- work of vessels. The chesnut, the 
iocust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, {Abies Nigra,) also af- 
fords an excellent material, its timber being strong, durable, and 
Ught. 

203. The Juntper or White Cedar, and the Cypress, are verj 
celebrated for affording a material, v^hich is very Ught, and of 
great durability, when exposed to the weather ; owin^ to these 
qualities, it is almost exclusively used for shingles and other ex« 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Iron, Copper, Zinc, Tin, and Lead, 

IRON. 

205. This metal is very extensively used for the purposes of 
the engineer and architect, both in the state of Cast Iron, and 
Wrought Iron, 

206. Cast Iron is one of the most valuable building materials, 
owing to its great strength, hardness, and durability, and the ease 
with which it can be cast, or moulded, into the best forms, for 
the purposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gray 
cast iron, and White cast iron. There exists a very marked dif- 
ference between the properties of these two varieties. There 
are, besides, manj^ intermediate varieties, which partake more or 
less of the properties of these two, as they approach, in their ex- 
ternal appearances, nearer to the one or the other. 

208. Gray cast iron, when of a good quality, is slightly malle- 
able in a cold state, and wil' ^l^^v* leadily to the action of the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft gray cast iron ; it is softer and toughet 
ihan the white iron. When broken, the surface of the fracture 
presents a granular structure ; theH:olor is gray ; and the lustre 
IS what is termed metallic, resembling small brilliant particles of 
lead strewed over the surface. 

209. White cast iron is very hard and brittle ; when recently 
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broken, the surface of the fracture presents a distinctly •^marked 
crystalline structure ; the color is white ; and lustre vitieous, or 
bearing a resemblance to the reflected Ught from an aggregation 
of smdl crystals. 

210. Mr. Mallet, in a very able Report made to the British 
Association for the Advancement of Science, remarking on the 
great want of uniformity, among manufacturers of iron, in the 
terms used to describe its different varieties, proposes the follow- 
ing nomenclature, as comprising every variety, witli their distinc- 
tive characters. 

Silvery, Least fusible ; thickens rapidly when fluid by a 
spontaneous puddUng ; crystals vesicular, often crystalline ; in- 
capable of bemg cut by chisel or fik ; ultimate cohesion a maxi^' 
mum ; elastic range a minimum. 

Micaceous. Very soft ; greasy feel ; peculiar micaceous ap- 
pearance generally owing to excess of manganese ; soils the fin- 
gers strongly ; crystals large ; runs very fluid ; contraction large. 

Mottled, Touffh and hard ; filed or cut with difliculty ; crys- 
tals large and small mixed ; sometimes runs thick ; contraction in 
cooling a maximum. 

Bright Gray. Toughness and hardness most suitable for 
working ; ultimate cohesion and elastic range generally are bal- 
anced most advantageously ; crystals uniform, very minute. 

Dull Gray. Less tough than the preceding ; other characters 
alike ; contraction in cooling a minimum. 

Dark Gray. Most fusible ; remains long fluid ; exudes graphite 
in cooling ; soils the fingers ; crystals large and lamellar ; ultimate 
cohesion a minimum, and elastic range a maximum. 

21 1. The gray iron is most suitable where strength is required ; 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by the surface of a recent 
fracture, are the best indications of the quality of iron. A uni- 
form dark gray color, and high metallic lustre, are indications of the 
best and strongest. With the same color, but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron witliout lustre, of a dark and mottled color, is the softest and 
weakest of the gray varieties. 

Iron of a light gray color and hiffh metallic lustre, is usually 
very hard and tenacious. As the color approaches to white, and 
the metallic lustre changes to vitreous, hardness and brittleness 
become more marked, until the extremes of a dull, or grayish white 
color, and a very high vitreous lustre, are attained, which are the 
indications of the hardest and most brittle of the white variety. 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edee of a casting. If Uie 
blow produces a slight indentation, without any appearance of 
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fracture, it shows that the iron is slightly malleable, and, there* 
fore, of a good quality ; if, on the contrary, the edge is broken, it 
indicates brittleness in the material, and a consequent want of 
strength. 

214. The strength of cast iron varies with its density ; and this 
element depends upon the temperature of the metal when drawn 
from the furnace ; the rate of cooling ; the head of metal under 
which the casting is made ; and thehulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mallet's experiments, very rapidly from the top 
downward*, to a depth of about four feet below the top ; from this 
point to the bottom, the rate of increase is very nearly uniform. 
All other circumstances remaining the same, the density decreases 
with the bulk of the casting; hence large are proportionaUy 
weaker than smaU castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, it is very difficult to judge of the quality of a 
casting by its external characters ; in general, however, if the 
exterior presents a uniform appearance, devoid of marked ine- 
qualities of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
from the use of the hot blast, has naturally directed attention to 
the comparative merits between iron produced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated by Messrs. Fairbaim and Hodgkinson, and ttieir results 
publishea in the Seventh Report of the British Association, 

. Mr. Hodgkinson remarks on this subject, in reference to the 
results of his experiments : " It' is rendered exceedingly probable 
that the introduction of a heated blast into the manufacture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improved those of a harder nature ; and considering 
the small deterioration that" some " irons have sustained, and the 
apparent benefit to those of" others, " together with the great saving 
enected by the heated blast, there seems good reason for tlie pro- 
cess becoming as general as it has done." 

218. From a number of specific gravities given in these Re- 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that of hot blast 7.021. 

219. Mr. Fairbaim concludes his Report with these observa 
tions, as the results of the investigations of himself and Mr. Hodg- 
kinson : '^ The ultimatum of our inquiries, made in this way, 
stands, therefore, in the ratio of strength, 1000 for the cold blast, 
to 1024.8 for the hot blast ; leaving the small fractional difference 
of 24.8 in favor of the hot blast." 

" The relative powers to sustain impact, are likewise in favo 
of the hot blast, being in the ratio of 1000 to 1226.3 " 

8 
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220. Wrought Iran. The color, lustre, and teituie of a n^oeiA 
fracture, present, also, the most certain indications of the qualitf 
of wrought iron. The fracture submitted to examination, should 
be of hm at least one inch square ; or, if of flat bars, they should 
be at least half an inch thick ; otherwise, the texture will be so 
peatly changed, arising from the greater elongation of the fibres, 
m bars of smaller dimensions, as to present none of those dis* 
tinctiye difierences observable in the uacture of large bars. 

221. The surface of a recent fructure of good iron, presents a 
dear my color, and high metallic lustre ; the texture is granular, 
and the grains have an elongated shape, and are pointed and 
slightly crooked at their ends, ffiving the idea of a powerful force 
having been employed to produce the fracture. When a bar, 
presenting these appearances, is hammered, or drawn out into 
small bars, the sunace of fracture of these bars will have a very 
marked fibrous appearance, the filaments being of a white color 
and very elongatea. 

222. When the texture is either laminated, or crystalline, it is 
an indication of some defect in the metal, arising either from the 
mixture of foreign ingredients, or else from some neglect in the 
process of forging. 

223. Burnt iron is of a clear gray color, with a slight shade 
of blue, and of a slaty texture. It is soft and brittle. 

224. Cold short irony or iron that cannot be hanomered when 
cold without breaking, presents nearly the same appearance as 
burnt iron, but its color inclines to white. It is very hard and 
brittle. 

225. Hot short irony or that which breaks under tlie ham* 
mer when heated, is of a dark color without lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in small 
bars by hanunering, is an inherent quality of good iron ; those 
varieties which are not susceptible of receiving this peculiar tex* 
ture, are of an inferior quahty, and should never be used for pur«- 
poses requiring great strenffth : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best vnrought iron presents two varieties ; the Hard 
and Soft. The hard variety is very strong and ductile. It pre- 
serves its granular texture a long time under the action of the 
hammer, and only developes the fibrous texture when beaten, or 
drawn out into small rods : its filaments then present a silver 
white appearance. 

228. The soft varie^ is weaker than the hard ; it yields easily 
tt the hammer ; and it commences to ex ^bit, under its action 
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e fioioud texture m Uderably laree bars. The color of the 
*>re9 is between a silver white and lead gray. 

229. Iron may be naturally of a good quality, and stiL, from 
being badly refined, not present the appearances which are re- 
garded as sure indications of its excellence. Among the defects 
arising from this cause are blisters, flaws^ and cinder-holes. 
Generally, howeyer, if the surface of mu:ture presents a texture 
partly crystalline and partly fibrous, or a fine granular texture, ii 
which some of the grains seem pointed and crooked at the points, 
together with a light gray color without lustre, it will indicate 
natural good qualities, which require only careful refining to be 
fiilly developed. 

230. The strength of wrought iron is very variable, as it de- 
pends not only on the natural qualities of the metal, but also upon 
the care bestowed in forging, and the greater or less compres- 
sion of its fibres, when drawn or hammered into bars of difierent 
sizes. 

231 . In the Report made by the sub-committee, Messrs. John 
son and Reeves, on the strength of Boiler Iron, {Journal of Frank" 
lin Institutey vol. 20, New Series,) it is stated that the following 
Older pf superiority obtains amon£( the different kinds of pig 
metal, with respect to the malleable iron which they furnish :— i 
1 Lively gray; 2 White; 3 Mottled gray; 4 Vead gray; 
5 Mixed metals. 

The Report states, " So far as these experiments may be con 
sidered decisive of the question, they favor the lighter complexion 
of the cast metal, in preference to the darker ^d mottlea varie 
ties ; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mere tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
owing to the consequent inequaUty of the welding. 

233. From these experiments, the mean specific gravity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Iron. The durability of iron, under the 
different circumstances of exposure to which it may be submitted, 
depends on the manner in which the casting may have been made; 
the bulk of the piece employed ; the more or fess homogeneous- 
ness of the mass ; its density and hardness. 

235. Amon^ the most recent and able researches upon the ac 
tion of the ordinary corrosive agents on iron, and the preservative 
means to be employed against mem, those of Mr. Mallet, given in 
the Report already mentioned, hold the first rank. A brief re- 
capitulation of the most prominent conclusions at which he has 
anrived, is all that can be attempted in this place. 
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236. When iron is only partly immersed in water, or wholly 
uoimersed in water composea of strata of different densities, like 
that of tidal rivers, a voltaic pile of one solid and twt fluid bodies 
is formed, which causes a more rapid corrosion than when the 
liquid is of uniform densi^. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than that of clear sea, or fresh water, 
owing to the action of the hydro-sulphuric acid which, being dis« 
engaged from the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive* action is less than 
under any other circumstances of immersion ; owing to the ab- 
sence of corrosivje agents, and the firm adherence of the oxide 
formed, wi^cb present! a hard coat that is not washed off as in 
sea water. 

239. In clear sea water, the rate of corrosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a cen- 
tury, and about 6 tenths of an inch for wrought iron. 

240. Wrought iron corrodes more rapidly m hot sea water than 
under any other circumstances of immersion. 

241. The same iron when chill cast corrodes more rapidly than 
when cast in green sand ; this arises from the chilled surface 
being less uniform, and therefore forming voltaic couples of iron 
of different densities, by which the rapidity of corrosion is in- 
creased. 

242. Castings made in dry sand and loam are more durable 
under water than those made in green sand. 

243. Thin bars of iron corrode more rapidly than those of more 
bulk. This difference in the rate of corrosion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silvery. It is caused by the more rapid rate of cooling in thin 
than m thick bars, by which the density of the surface of die for- 
mer becomes less uniform. These causes of destructibility may, 
in some degree, be obviated in castings composed of ribbed 
pieces, by making the ribs of equal thickness vnth the main 
pieces, and causing them to be cooled in the sand, before strip- 
ping the moulds. 

244. The hard crust of cast iron promotes its durability ; when 
this is removed to the depth of one tourth of an inch, the iron cor* 
rodes more rapidly in both air and water. 

245. Corrosion takes place the less rapidly in any variety of 
ron, in proportion as it is more homogeneous, denser, harder, and 
doser grained, and the less graphitic. 

246. The more ordinary means used to protect iron against 
the action of corrosive agents, consjit of paints and varmshes. 
These, luderthe usual circumstances of atmospheric exposurp^ 
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are of but slight efficacy, and require to be frequently renewed 
In water, they are all rapidly destroyed, with the exception of 
boiled coal-tar, which, when laid on hot iron, leaves a bright ana 
solid varnish of considerable durability and protective power. 

247. The rapidly increasing purposes to which iron has been 
applied, within the last few years, has led to reseaiches upon the 
agency of electro-chemical action, as a means of protecting it from 
corrosion, both in air and water. Among the processes resorted 
to for this purpose, that of zincking, or as it is more conmionly 
known, gcuvanizing iron has been most generally introduced. 
The experiments of Mr. Mallet, on this process, are decidedly 
against zinc as a permanent electro-chemical protector. Mr. 
Mallet states, as the result of his observations, that zinc applied in 
fusion, in the ordinaiy manner, over the whole surface of iron, 
will not preserve it longer than about two years ; and that, so 
soon as oxidation commences at any point of the iron, the protec- 
tive power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, " On the whole, it may be 
affirmed that, under all circumstances, zinc has not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
wards it in the strict sense ; hitherto it has not become a preven- 
tive, but merely a more or less effective palliative to destruction." 

248. In extending his researches on this subject, with alloys 
of copper and zinc, and copper and tin, Mr. Mallet found that the 
alloys of the last metals accelerate the corrosion of iron, when 
voltaically associated with it in sea water ; and that an alloy of 
the two first, represented by 23Zn -|- 8Cm, in contact vnth iron, 
protects it as fully as zinc alone, and suffers but little loss from 
the electro-chemical action ; thus presenting a protective en- 
ergy more permanent and invariable than that of zinc, and giving 
a nearer approximation to the solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
sliall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright cast iron, when immersed in sea water and voltaically as- 
sociated with it, that although oxidation vrill not be prevented on 
either, it will still be greatly retarded on the hard, at the expense 
of the soft iron. 

250. In concluding the details of his important researches on 
this subject, Mr. Maflet makes the following judicious remarks : 
" The enguieer of observant habit will soon have perceived, that 
in exposed works in iron, equality of section or «cantUng, in aU 
parts sustaining equal strain, is far firom ensuring equal passive 
power of permanent resistance, unless, in addition to a general 
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allowance for loss of substance by corrosion, this latter elemeni 
be so provkled for, that it shall be equally balanced over the wholer 
structure ; or, if not, shall be compellea to confine itself to por- 
tions of the general structure, which may lose substance without 
injuring its stability." 

^' The principles we have already est. jiished sufficiently g tide 
us in the modes of effecting this ; regard mtrst not only be had to 
the contact of dissimilar metals, or of the same in dissimilar fluids, 
but to the scantling of the casting and of its parts, and to the con* 
tact of cast iron with wrought iroki or steel, or of one sort of cast 
iron with another. Thus, in a suspension bridge, if the Unks of 
the chains be hammered, and the pins rolled, Uie latter, where 
equally exposed, will be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hammering until 
cold ; the plates, therefore, are corroded through round the rivets 
oefore tliese have suffered sensibly ; and in uie air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps lifting mineralized or 'bad' water from mines, the cast 
iron perishes first round the holes through which wrought-iron 
bohs, &c., are inserted. And abundant otner instances might be 
given, showing that the effects here spoken of are in practical 
operation to an extent that should press the means of counteract- 
ing them on the attention of the engineer.*' 

251. Since Mr. Mallet's Report to the British Association, he 
has invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ; the one by means of a coat« 
ng formed of a triple alloy of zinc, mercury, and sodium, or po* 
tassium ; the other by an amalgam of p«llaaium and mercury. 

252. The first process consists of forming an alloy of the metals 
used, in the following manner. To 1292 parts of zinc by weight, 
in a state of fusion, 202 parts of mercury are added, and the 
metals are well mixed, by stirring with a rod of dry wood, or one 
)f iron coated with clay ; sodium, or potassium is next added, in 
small quantities at a time, in the proportion of one pound to every 
ton by weiffht of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute solution of sulphuric, or of hydro-ciiloric acid, 
vasbing it in clear cold water, and detaching all scales, by striking 
it with a hammer ; it is then scoured clean by the hand with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ; while still veet, it is immersed in a bath formed 
of equal parts of the cold saturated solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac is 
added as the solution will take up. The iron is allowed to re- 
Tiain in this bath until it is covered by minute bubbles of ffas ; if 
is then taken out, allowed to drain a few seconds, and plunged 
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into ihe fused alloy, from whtcb it is withdrawn so soon as it nas 
acquired the same temperature. When taken from the metallic 
batn, the iron should be plunged in cold water and well washed. 
263. Care must, be taken mat the iron be not kept too long in 
the metallic bath, otherwise it may be fused, owing to the great 
aiffinity of the alloy for iron. At the proper fasing temperature 
of the alloy, about 680° Fahr., it will dissolve plates of iron one 
eighth of an inch thick in a few seconds ; on this account, when- 
ever small articles of iron have to be protected, the affinity of the 
alloy for ii-on should be satisfied, by fusing some iron in it before 
immersing that to be coated. 

254. The other process, which has been termed palladiumizin^y 
consists in coatinc the iron, prepared as in the first process tor 
the reception of me metallic coat, with an amalgam oi palladium 
and mercury. 

COPPER. 

255. The most ordinary and useful application of this metal in 
constructions, is that of sheet copper, yvhich is used for roof cov- 
erings^ and like purposes. Its durability under the ordinary 
changes of atmosphere is very great. Sheet copper, when quite 
thin, i« apt to be defective, from cracks arising from the process 
of drawing it out. These may be remedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepEtfed in this way have been found to be very 
durable. 

The alloyc of copper and zinc, knoWn under the name of brass^ 
and those of copper and tin, known as bronze, gun-metaly and 
belUmetalj are, in some cases, substituted for iron, owing to their 
superior hardness to copper, and being less readily oxidized than 
iron. 

ZINC. 

256. This metal is used mostly in the form of sheets ; and for 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered with a very thin, hard, transparent oxide, which is un 
changeable both in air and water, and preserves the metal beneath 
it from farther oxidation. It is this property of the oxide of zinc, 
which renders this metal so valuable for sheathing purposes ; but 
(ts durability is dependent upon its not being brouglit into contact 
^ith iron in the presence of moisture, as the galvanic action which 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free from the presence of iron, 
as a very small quantity of the oxide of this last metal when con 
lained in zinc, is found to occasion its rapid destruction. 
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257. Besides the alloys of zinc already mentioned, this meta. 
alloyed with copper forms one of the most useful solders ; and 
Its alloy with lead has been proposed as a cramping metal for 
uniting the parts of iron work together, or iron work to other ma- 
terials, in the place of lead, which is usually employed for this 
purpose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful application of tin is as a coating for 
sheet iron, or sheet copper : tne alloy which it forms, in this way, 
upon the surfaces of tne metals in question, preserves them for 
some time from oxidation. Alloyed with leaa it forms one of the 
most useful solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof cover- 
ing, but it is inferior to both copper and zinc in tenacity and 
durability ; and is very apt to tear asunder on inclined suifaces, 
particularly if covered with other materials, as in the case of the 
capping of water-tight arches. 

PAINTS AND VAJlNlSHEa 

260. Paints are mixtures of certain fixed and volatile oils, 
chiefly those of linseed and turpentine, with several of the metal 
lie salts and oxides, and other substances which are used either 
as pigments, or to give what is termed a body to the paint, and 
also to improve its drying properties. 

261. Paints are maiiuy used as protective agents to secure 
wood and metals from the destructive action of air and water. 
This they but imperfectly effect,, owing to the unstable nature of 
the oils that enter into their composition, which are not only de- 
stroyed by the very agents against which they are used as pro- 
tectors, but by the chemical cnanges which result from the action 
of the elements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in. air than in water. In the lat- 
ter element, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hydro- 
sulphuric acid contained in foul water upon the metallic salts and 
oxides. 

263. However carefully made or applied, paints soon become 
permeable to water, owing to the very minute pores which arise 
n-om the chemical changes in their constituents. These changes 
will have but little influence upon the preservative acticn of paints 
upon wood exposed to the effects of the atmosphere, provided the 
wood be well seasoned before the paint is applied, and that the 
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boton, wbich may be regarded as artificial conglomerate 9Ume9, 
It forma the matrix by which the grarel and broken stone are 
held together ; and it is the principal material with which the ex 
terior surfaces of walls and toe interior of edifices are coated. 

99. The quality of mortars, whether used for structures ex- 
posed to the weather, or for those immersed in water, will depend 
upon the nature of the materials used ; — ^their proportion ;— ^ 
manner in which the lime has been converted into a paste to re* 
ceire the sand ; — ^and the mode employed to mix the ingredients. 
Upon all of these points experiment is the only unerring guide for 
the engineer ; for the great diversity in the constituent elements 
of lime-stones, as well as in the other ingredients of mortars, must 
necessarily alone give rise to diversities in results ; and when, to 
these causes of variation, are superadded those resulting from 
different processes pursued in the manipulations of slaking the 
lime and mixing the ingredients, no surprise should be felt at the 
seemingly opposite conclusions at which writers, who have pur 
sued the subject experimentally, have arrived. From the great 
mass of facts, however, presented on this subject within a few 
years, some general rules may be laid down, which the engineer 
may safely follow, in the absence of the means of making direct 
experiments. 

100. Sand. This material, which forms one of the ingredients 
of mortar, is the granular product arising from the disintegration 
of rocks. It may, therefore, like the rocks from which it is de- 
rived, be divided into three principal varieties — ^the siUcious, the 
calcareous, and the arffillaceous. 

Sand is also named from the locality where it is obtained, as 
jrit^€md^ which is procured from excavations in alluvial, or other 
deposites of disintcffrated rock ; river^and and eea^and, which 
are taken from the uiores of the sea, or rivers. 

Builders again classifjr sand according to the size of the gram. 
The term coarse sand is applied when the grain varies between 
|th and jVth of an inch in diameter; the term fine sand^ when 
the grain is between i^th and V^th of an inch in diameter ; and 
the term mixed sand is used for any mixture of the two prece* 
ding kinds. 

101. The silicioiis sands, arising from the quartzose rocks, are 
die most abundant, and are usually preferred by builders. Tha 
calcareous sands, frixn hard calcareous rocks, are more rare, bat 
form a good ingredient for mortar. Some of the argillaceous samk 
possess the properties of the less enerffctic puzzolanas, and am 
therefore veiy valuable, as forming, vrim common lime, an arti- 
ficial hydraulic lime. 

102. The property which some argillaceous sands possess, of 
fimmog with common, or slightly hydraul^x; lime a compound which 

5 
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will harden onder water, has been long known in France, when 
these sands are termed arines. The sands of this nature are 
usually found in hillocks along river valleys. These hillocks 
sometimes rest on calcareous rocks, or argillaceous tufas, and are 
frequently formed of alternate beds of the sand and pebbles. The 
sand is of various colors, such as yellow, red, and ffreen, and 
seems to have been formed from tne disintegration of clay in a 
more or less indurated state. The arenes are not as energetic as 
either natural or artiiicial puzzolanas ; still they form, with com- 
mon lime, an excellent mortar for masonry exposed either to the 
open air, or to humid localities, as the foundations of edifices. 

103. Pit-sand has a rougher and more angular grain than river 
or sea sand ; and, on this account, is generally preferred by build- 
ers for mortar used for brick, or stone-work. Whether it forms a 
stronger mortar than the other two is not positively settled, al- 
thougn some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering, 
because they are whiter, and have a finer and more uniiorm grain 
than pit sand ; but as the sands from the shores of tidal waters 
contain salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in fi^sh water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirt, 
or clay ; and these, when found in any notable quantity in it, give 
H weak and bad mortar. Earthy sands should, therefore, be 
cleansed from dirt before using them for mortar ; this may be 
effected by washing the sand in shallow vats, and allowing the 
turbid water, in which the clay, dust, and other like impurities 
are held in suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the fingers when rubbed between them. 

107. Hydraulic mortar. This material may be made from 
the natural hydrauUc limes ; from those which are prepared by 
M. Vicat's process ; or from a mixture of common, or feebly hy- 
draulic lime, with a natural or artificial puzzolana. All writers, 
however, agree that it is better to use a natural than an artificial 
hydraulic lime, when the former can be readily procured. 

108. When the lime used is strongly hydraulic, M. Vicat is 
of opinion that sand alone should be used with it, to form a good 
hydraulic mortar. General Treussart has drawn the conclusion, 
from his experiments, that the mortar of all hydrauUc limes is 
improved by an addition of a natural or artificial puzzolana. I'he 
quantity of sand used may vary from 1^ to 2 parts of the lime 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of common, feeble, or or 
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dinary hydrauhc limes, and artificial puzzolana, M. Vicat states 
that the puzzolana should be the weaker as the Ume is more 
strongly hydrauhc ; using, for example, a very energetic puzzo- 
lana with a fat, or a feebly hydrauhc lime. The proportion of 
sand which can be incorporated with these ingredients, to form an 
hydraulic mortar, is stated by General Treussart to be one vol- 
ume to one of puzzolana, and one of lime in paste. 

110. In proportioning the ingredients, the olyect to which the 
mortar is to be appUed should be regarded. When it is to serve 
to unite stone, or brick work, it is better that the hydraulic lime 
should be rather in excess ; when it is used as a rnatrix for belon, 
no more Ume should be used than is strictly required. No harm 
will arise from an excess of good hydraulic lime, in any case ; but 
an dxcess of common lime is injurious to the quality of the mortar. 

111. Common and ordinary hydraulic limes, when made into 
mortar with arines, give a good material for hydrauhc purposes. 
The proportions in which these have been found to succeed well, 
are one of hme to three of arenes, 

112. Hydrauhc cement, from the promptitude with which it 
hardens, both in the air and under water, is an invaluable mate- 
rial where this property is essential. Any dose of sand injures 
its properties as a cement. But hydrauhc cement may be added 
with decided advantage to a mortar of common, or of ieebly hy 
drauUc lime and sand. It is in this way that it is generally used 
in our pubhc works. The French engineers give the preference 
to a good hydraulic mortar over hydrauhc cement, both for uniting 
stone, or brick work, and for plastering. They find, firom their 
practice, that when used as a stucco, it does not withstand well 
the effects of weather ; that it swells and cracks in time ; and, 
when laid on in successive coats, that they become detached from 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hydraulic cements, does not agree with 
the French engineers in ms conclusions. He states that, when 
skilfully apphed, hydrauhc cement is superior to any hydrauhc 
mortar for masonry, but that it must be used only in thin joints ; 
and, when applied as a stucco, that it should be laid on in but one 
coat ; or, if it be laid on in two, the second must be added long 
before the first has set, so that, in fact, the two make but one 
coat. By attending to these precautions. General Pasley states 
that a stucco of hydraulic cement and sand will vnlhstund per- 
fectly the effects ot firost. 

113. Mortars exposed to weather. The French engineers, 
who have paid great attention to the subject of mortars, coincide 
in the opinion, that a mortar cannot be made of fat lime and any 
inert sands, like those of the silicious, or calcareous kinds which 
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will withstand the ordinary exposure of weather ; and that, to 
obtain a ^ood mortar for this purpose, either the hyiiraulic limes 
mixed With sand must be employed, or else common lime mixed 
either with arSnea^ or with a puzzolana and sand. 

1 14. Any pure sand mixed m proper jMroportions widi hydmulic 
lime, ^ill gire a good mortar for the open air ; but the hardness 
of the mortar will be affected bythe size of the grain, particularly 
when hydmulic lime is used. Tine sand yields the oest mortar 
with good hydrauHp lime ;, mixed sand with the feebly hydraulic 
limes ; and coarse sand with fat lime. 

115. The proportion which the lime should bear to the sand 
seems to depend, in some measure, on the manner in which the 
lime is slaked. M. Vicat states, that the strength of mortar made 
of a stiff paste of fat lime, slaked in the ordinary way, increases 
from 0.50 to 2.40 to one of the paste in Tohime ; and that, ^en 
the lime is slaked by immersion, one volume of the like paste will 
give a mortar thajt increases in strength from 0.50 to 2.20 parts 
of sand. 

For one voliune of a paste of hydraulic lime, slaked in the or- 
dinary way, the strenstn of the mortar increases from to 1.80 
parts of sanid ; and, when slaked by immersion, the mortar of a 
Uke paste increases in strength from to 1.70 parts of lime. In 
every case, when the dose of sand was increased beyond these 
proportions, the strength of the resulting mortar was found to 
decrease. 

116. ManipulatUms of Mortar. The quality of hydraulic mor- 
tar, which is to be immersed in water, is more anected by the 
manner in which the lime is slaked, and the ingredients mixed, 
than that of mortar which is to be exposed to me weather ; al- 
though in both cases the increase of streneth, by the best manipu- 
lations, is sufficient to make a study of mem a matter of some 
consequence. 

117. The results obtained from the ordinary method of slak- 
ing, by sprinkling, or by immersion, in the case of good hydraulic 
limes, are nearly the same. Spontaneous, or air-slaking, gives 
invariably the worst results. For common and slightly hydraulic 
lime, M. Vicat states that air-^akliig yields the best results, and 
ordinary slaking the worst. 

118. The ingredients of mortar are incorporated either by 
manual labor, or by machinery : the latter meuiod gives results 
superior to the former. The machines commonly used for mix« 
ing mortar are either the ordinary pug-mill (Fig. 4) employed by 
brickmakers for tempering clay, or a ffrinding-mill, (Fiff. 5.) 
The grinding-mill is the best machine, because it not oiuy re* 
duces the lumps, which are found in the most caitefully burnt 
stone, after the slaking is apparently complete, but it brings tht 
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fane to tlie state of a unifonn stiff T)a^ wh ch it flkoold zeoeire 
before the sand is incoiporated w.th it. <3are shiAild be taken 




Itc. 4ni!l«Mte aTitfUeal MOkioB tfaioogti 
the wacm of a png-iiuil. for niziDg ot 
tempering oioibur.— Tbie mill oooiJBta 



of a iiooped vemtL of the Ann of a co- 
■ieal fhMtuin, whidh reoeivea the in- 
grsdienta. and a vertical ihaft, to which 
anofl wim teeth, lenmUing an ovdi- 
naiyiake, are attached, for the puipoM 
of mixing the ingredienta. 

A, A, eeo^ ofaidee of the TMnl. 

B, TBiticalahaft V> wliicb the arms C are 
affixed. 

D, homootal bar for giving a dicolar moi- 
tiontotherfiaftR 

E, ailla of timber mppoiting the mill. 

F, wrou«h^iIon mpinrt through which 
the upper pait of the ibaft I 



not to add too much water, particularly when the mortar is to be 
immersed in water. The mortar-mill, on this acosunt, should be 
sheltered from rain ; and the quantity of water wMi which it is 
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, 5 lep we en ta a part of a mM for envhing tha 
_ne and tempering the mortas. 

A, heavy wheel of tmiber. or caat Inh. 

B, horoontal bar paaring thioogh the wheel, which 
at one extremitv ia fixed to a veitioal ahaft, and 
ia arranged at the other (C) with the pioper gear- 
ing for a horse. 

P, a oiKolar tnogh, with a tnmeniidal cvmi flec- 
tion which receivei the ingrecBenta to be mixed. 
Hie troagh may be fiom 90 to 30 feet in diameter; 
about 18 inoheo wide at top, and 18 incheadeep; 
and be built of hard brick, atone, or timber laid on 



supplied may vary with the state of the weather. Nothins seems 
to be cainea by carrying the process of mixing, beyond obtaining 
a uniform mass of the consistence of plastic clay. Mortars of 
hydraulic lime are injured by long exposure to tne air, and fre- 
quent turnings and mixings with a shovel or spade ; those of 
conmion lime, under like cnrcumstances, seem to be improved. 
Mortar, which has been set aside for a day or two, will become 
sensibly firmer ; if not allowed to stand too long, it may be a|;ain 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

110. Setting and Durability of Mortars. Mortar of conmion 
lime, without any addition of pussolana, will not set in humid 
situations, like the foundations of edifices, until after a very long 
lapse of time. They set very soon when exposed to the air, or 
4> an atmosphere of carbonic acid gas. If, after having become 
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hard in the open air, tliey are placed under water, ihey in tim^ 
lose their cohesion and fall to pieces. 

120. Common mortars, wliich have had trme to harden, rengt 
tlie action of severe frosts very vircU, if they are made rather jKwr, 
or with an excess of sand. The sand should be over 2.40 parts, 
in bulk, to one volume of the lime in paste ; and coarse sand is 
found to ffive better results than fine sand. 

121. Good liydraulic mortars set eaually well in damp situa 
tions, and in the open air ; and those which have hardened in the 
air will retain theur hardness when immersed in water. They 
also resist well the action of firost, if they have had time to set 
before exposure to it ; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

1 22. The surface of a mass of hydraulic mortar, whether made 
of a natural hydraulic lime or otherwise, when inunersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very tnin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it firom the farther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic lime, or of the puzzolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of liine, bet more slowly than when the lime is in 
a just proportion to the other ingredients. 

124. The quick-setting hydraulic limes are said to furnish a 
mortar which, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydrauhc limes. Ar- 
tificial hydrauhc mortars, on the contrary, which set quickly, 
gain, in time, more strength and hardness tlian those which «et 
slowly. 

125. The time in which hydraulic mortars, immersed in water, 
attain their greatest hardness, is not weU ascertained. Mortara 
made of strong hydraulic limes do not show any appreciable in 
crease of hardness after the second year of their immersion ; wliile 
the best artificial hydraulic mortars continue to harden, in a sen- 
sible degree, during the third year after their immersion. 

126. Theory of Mortars, The paste of a hydrate, either of 
common or of hydraulic hme, when exposed to the air, absorbs 
carbonic acid gas from it ; passes to the state of sub-carbonate of 
lime ; vsrithout, however, rejecting the water of the hydrate, and 
gradually hardens. The time required for the complete satuia 



MORTAa 39 

ucn of the mass exposed, will depend on its bulk. The absorp- 
tion of the gas commences at the surface and proceeds more 
slowly towards the centre. The hardening of mortars exposed 
to the atmosphere, is generally attributed to this absorption of the 

SIS, as no chemical action of lime upon quartzose sand, which is 
e usual kind employed for mortars, has hitherto been detected 
by the most careful experiments. 

127. With regard to hydraulic mortars, it is difficult to account 
for their hardening, except upon the effect which the silicate of 
lime may have upon the excess of simple hydrate of uncombined 
lime contained in the mass. M. Petot supposes, that the parti* 
cles of silicate of Ume form so many centres, around whicn the 
uncombined hydrates group themselves in a crystalline form; 
becoming thus sufficiently nard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydrauhc 
mortars, M. Petot thinks that the grains produce the same me- 
chanical effect as the particles of the silicate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete. This term is applied, by English architects 
and engineers, to a mortaa: of finely-pulverized quick-lime, sand, 
and gravel. These materials are first thoroughly mixed in a dry 
state, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is then rapidly worked up by a 
shovel, or else passed through a pug-mill, llie concrete is used 
mamediately after the materials are well incorporated, and while 
the mass ia hot. 

129. The materials for concrete are compounded in various 
proportions. The most approved are tho9e in which the limo 
and sand are in the proper proportions to form a good mortar 
and the gravel is twice the bulk of the sand. The cravel used 
should be clean, and any pebbles contained in it larger than 
an egg, should be broken up before the materials are incorpo- 
rated. 

130. Hot water has in some cases been used in making con 
Crete. It causes the mass to set more rapidly, but is not other- 
wise of any advantage. 

131 . The bulk of a mass of concrete, when first made, is found 
to be about one fifth less than the total bulk of the dry materials 
But, as the Ume slakes, the mass of concrete is found to expand 
about three eighths of an inch in height, for every foot of the mass 
in depth. 

132. The use of concrete is at present mostly restricted to 
forming a solid bed, in bad soils, for the foundations of edifices. 
It has also been used to form blocks of artificial stone, for the 
walls of buildings and other like purposes ; but experience ha9 
shown, that it possesses neither the durability nor strength requi 
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nte foi BtractiiieB of a pemument character, when ezpoaed tolfaa 
action of water, or of the weather. 

133. Betan. The tenn beton is applied, fay French engineers, 
10 any mixture of h]rdranlic mortar witn fragments of brick, stone, 
or gravel ; and it is now also used by £iigUsh engineers in tho 
same sense. 

134. The proportions of the ingredients nsed for beton are t»> 
riottsly stated by different authors. The sole object for which 
the grarel, or the broken stcxie is used, beinff to obtain a more 
economiciJ material than a like mass of hyovaulic mortar alonr 
would yield, the quantity of broken stone should be as great as 
can be thoroughly unitea by the mortar. The smallest amount of 
mortar, therefore, that can be used for this pmpose, will be that 
which will be just equal in Tolume to the Toid spaces in any giTeft 
bulk of the broken stone, or gravel. The proportion which tho 
volume occupied by the void spaces bears to any bulk of a loose 
material, like broken stone, or gravel, may be readily ascertained 
by filling a vessel of known capacity with the loose material, and 
pouring in as much water as the vessel will contain. The vol- 
ume of vrater thus found, vrill be the same as that of the vmd 
spaces. 

135. Beton made of mortar and broken stone, in which the 
' proportions of the ingredients were ascertained by the process 

]U8t detailed^ has been found to give satisfactory results ; but, in 
order to obviate any defect arising from imperfect manipulation, 
it is usual to add an excess of mortar above that of the void 
spaces. 

The best and most economical bet<Hi is made of a mixture of 
broken stone, or brick, in fragments not larger than a hen's egg, 
and of coarse and fine gravel mixed in suitaUe propcnrtions. 

136. In making betoo, the mortar is first prepared, and then 
inccnrporated with the finer gravel ; the resulting mixture is spread 
out into a cake, 4 or 6 inches in thickness, over which the coarser 
cravel and broken stone are uniformly strewed and pressed down, 
uie whole mass being finally brought to a homogeneous state with 
the hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
IS superiOT in every respect, but particularly so for foundationa 
laid under vrater, or in humid localities. 

137. Adherence cf Mortar. The force with which mortars in 
general adhere to otner materials, depends on the nature of the 
material, its texture, and the state of the sur&ce to which the 
mortar is applied. 

138. Mortar adheres most strongly to brick ; and more feebly 
o wood than to any other material. Among stones, its adhesioe 

to lime*stone is generaUy greatest ; and to basalt and sand-stonei^ 
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'eatft. Among stxmes of the same class, it adheres generally beU 
ler CO the poroas and coarse-grained, than to the compact and 
fine-grainea. Among surfaces, it adheres more strongly to the 
rough than to the smooth. 

139. The adhem<m of common mortar to Inrick and stone, for 
the first few years, is greater than the cohesion of its own pwti- 
dies. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti« 
cles : and. from some recent experiments of Colcmel Pasley, on 
this subject, it would seem that hydraulic cement adheres with 
nearly the same force to polished surfaces of stone as to rough 
sor&ces. 

140. From experiments made by Rondelet, on the adhesion d 
conunon mortar to stone, it appears that it required a force vary 
ing from 15 to 30 pounds on tne square inch, applied perpendicu 
lar to the plane of the joint, to separate the mortar and stone 
after six months union ; whereas, only 5 pounds to the square 
inch was required to separate the same surfaces, when applied 
parallel to the plane of the joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydraufic cement to stone, may be taken as 
high as 125 pounds on the square inch, when the joint has had 
time to harden throughout; but, he renuirks, that as in larse 
joints the exterior part of the jdnt may have hardened while the 
mterior still remains soft, it is not safe to estimate the adhesive 
force, in such cases, higher than firom 30 to 40 pounds <m the 
square inch. 

ICASTICa 

141. The term Mastic is generally applied to artificial or natn 
ral combinations of bituminous or resinous substances with other 
ingredients. They are converted to various uses in constructions, 
eimer as cements tor other materials, or as coatings, to render them 
impervious to water. 

142. Bituminous Mastic. The knowledge of this material 
dates back to an early period ; but it is omy within, compara- 
tively speaking a few years that it has come into conunon use in 
Europe and this country. The most usual fram in which it is 
now employed, is a combmation of mineral tar and powdered 
bituminous lime-stone. 

143. The localities of each of these substances are very nu- 
merous ; but they are chiefly Inrought into the market firom sevend 
places in Switzerland and France, where these miierals are found 
m |;reat abundance ; the most noted being Val-de-Travers in 
Switzerland, and Seyssel in France. 

144. The mineral tar is usually obtained by bo'ling in water a 

6 
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Mxft sand-Stone, called by the French molasses which is sttoogly 
impregnated with the tar. In this process, the tar is disengaged 
and rises to the surface of the water, or adheres to the sides of 
the vessel, and the earthy matter remains at the bottom. Am 
analysis of a rich specimen of the Seyssel bituminous sand-stone 
gave the following results : — 

Quartzy gnuns 690 

Galcareoiw grains . • . . . .204 

1.000 



145. The bituminous lime-stone which, when reduced to a 

I)Owdered state, is mixed with the mineral tar, is known at tlie 
ocalities mentioned by the name of asphaltum^ an appellation 
which is now usually given to the mastic. This lime-stone occurs 
in the secondary formations, and is found to contain various pro- 
portions of bitumen, varying mostly from 3 to 15 per cent., with 
the other ordinary minerals, as argile, &c., which are met with 
in this formation. 

146. The bituminous mastic is prepared from these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirring in the proper proportion of the powdered lime- 
stone. This operation, although very simple in its kind, requires 
ffreat attenUun and skill on the part of the workmen in managing 
the fire, as the mastic may be injured by too low, or too high a 
degree of heat. The best plan appears to be, to apply a brisk 
fii3 until the boiling liquid commences to give out a thin whitish 
vapor. The fire is then moderated and kept at a uniform state, 
and the powdered stone is gradually added, and mixed in with the 
tzir by stirring the two well together. When the temperature has ' 
been raised too high, the heated mass gives out a yellowish or 
brownish vapor. In this state it should be stirred rapidly, and be 
removed at once from the fire. 

147. The asphaltic stone may be reduced to powder, either by 
roasting it in vessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, the stone is first reduced to 
fragments the size of an egg. These firagments are put into an 

ion vessel ; heat is applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. This 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar from evaporation, besides being 
liable to injury firom too great a degree of heat. For grinding, 
the stone is first broken as for roasting. Care should be taken, 
during the process, to stir the mass frequently, otlierwise it may 
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form into a cake. Cold dry weather is the best season for thit 
operation; the stone, however, should not be exposed to th« 
weather. 

148. Owing to the variable quantity of mineral tar in bitumi 
nous lime-stone, the best proportions of the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three or 
four per cent, too much of tar, is said to impair both the durability 
and tenacity of the mastic ; while too small a quantity is equally 
prejudicial. Generally, from eight to ten per cent, ot the tar, by 
weight, has been found to yield a favorable result. 

149. Mastics have been formed by mixing vegetable tar, pitch, 
and other resinous substances, with litharge, powdered brick, 
powdered lime-stone, &c. ; but the results obtained have gener> 
ally been inferior to those from bituminous mastic. 

150. Mineral tar is more durable than vegetable tar, and on this 
account it has been used alone as a coating for other materials, 
but not with the same success as mastic. Employed in this way 
the tar in time becomes dry and peels off; whereas, in the forir. 
of mastic, the hard matter with which it is mixed prevents the 
evaporation of the oily portion of the tar, and thus promotes its 
durability. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a vanety of forms 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ; as a point- 

ng, it is found to be more serviceable, for some purposes, thar 
Aydrauhc cement ; it forms one of the best water-tignt coatings 
for cisterns, cellars, the cappings of arches, terraces, and other 
similar roofings now in use ; and is a good preservative agent for 
wood work exposed to wet or damp. 

GLUE. 

152. The common animal glue is seldom used as a cement for 
any other purpose than for the work of the joiner. Although of 
considerable tenacity, it is weak, brittle, and readily impaired by 
moisture. 

153. Within a few years back, a material termed marine glue^ 
the invention of Mr. Jeffery of England, has attracted attention in 
England and France, in both which countries its qualities as a 
cement, both for stone and wood, have been tested with the most 
satisfactory results. This composition is said to be made by first 
dissolving caoutchouc in coal naphtha, in the proportion of one 
pound of the former to five gallons of the latter ; to this solution 
an equal weight of shellac is added, and the composition is then 
placed over a fire and thoroughly mixed by stirring. 
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of cases ; and they furnish the en^eer with the most reliable 
guides in this important branch of ms art. 

291. The usual method of conducting these experiments hat 
been to subject small rectangular prisms of mortar, restmg on 
points of support at their extremities, to a transverssd strain ap- 
plied at the centre point between the bearincs. This, perhaps, 
is as unexceptionable and convenient a method as can be followed 
for testing the coniparatiYe strength of mortars. 

292. M. Vicat, in the work already cited, gives the following 
as the average resistances on the square inch offered by mortars 
to a force ot traction ; the deductions b^ng drawn from experi- 
ments on the resistance to a transversal strain. 



Mortan of veiy strong hydraulic lime 


170 pounds 


^* oniiiiary do. 


, 140 " 


** medium do. 


100 " 


" common lime 


40 « 


*< do. (bad quality) 


10 " 



These experiments were made upon prisms a year old, which 
had been exposed to the ordinary changes of weaUier. With re- 
gard to the best hydrauUc mortars of the same age which had 
been, during that same period, either immersed m water, or 
buried in a damp position, M. Vicat states that their average 
tenacity may be estmiated at 140 pounds on the square inch. 

293. General Treussart, in his work on hydraulic and common 
mortars, has given in detail a large number of experiments on the 
transversal strength of artificial hydrauHc mortars, made by sub- 
mitting small rectangular parallelepipeds of mortar six incnes in 
length, and two inches square, to a transversal strain applied at 
the centre point between the bearings, which were four inches 
apart. From these experiments he deduces the following prac- 
tical conclusions. 

That when the parallelepipeds sustain a transversal strain vary- 
ing between 220 and 330 pounds, the corresponding mortar will 
be suitable for common gross masonry ; but that for important 
hydraulic works the pandlelopipeds should sustain, before yield 
ing, from 330 to 440 poimds. 

294. The only published experiments on this subject made in 
this country are those of Colonel Totten, appended to his transla- • 
tion of General Treussart's work. The results of these experi- 
ments are of pecuUar value to the American engineer, as they 
were made upon materials in very general use on the pubUc 
works throughout the country. 

From these experiments Uolonel Totten deduces the following 
general results : 

1st. That mortar of hydraulic cement and sand is the strongei 
and harder as the quantity of sand is less. 
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. 2d. That common mortar is the stronger and harder as the 
quantity of sand is less. 

3d. That any addition of common lime to a moortar of hydraulic 
cement and sand weakens the mortar, but that a little lime may 
be added without any considerable diminution of the length of 
the mortar, and with a saving of expense. 

4th. The stren^ of common mortars is OHisiderably improved 
hj the addition of an artificial puzzolana, but more so by the ad- 
dition of an hydraulic cement. 

5th. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slaked by sprinkling gave better results than lime 
slaked by drovniing. A few experiments made on air-slaked lim« 
were unfavorable to that mode of slaking. 

7th. Both hydraulic and common mortar yielded better results 
when made with a small quantity of water than when made thin. 

8th. Mortar made in the mortar-imll was found to be superior 
to that mixed in the usual way with a hoe. 

9th. Fresh water gave belter results than salt water. 

295. Strength op Concrete and Beton. From experiments 
made on concrete, prepared according to the most approved pro- 
cess in England, by Colonel Pasley^ it appears that this material 
is very inferior in strength to good brick, and the weaker kinds 
of natural stones. 

From experiments made by Colonel Totten on beton, the fol- 
lowing conclusions are drawn : 

That beton made of a mortar composed of hydraulic cement, 
common lime, and sand, or of a mortar of hydraulic cement and 
sand, without Ume, was the stronger as the quantity of sand was 
the smaller. But there may be 0.50 of sand, ana 0.25 of com- 
mon lime, whhout sensible deleriwation ; and as much as 1. 00 of 
sand, and 0.25 of lime, without great loss of strength. 

Beton made with just sufficient mortar to fill tne void spaces 
between the fragments of stone was found to be less strong than 
that made with double this bidk of mortar. But Colonel Totten 
remarks, that this result is perhaps attributable to the difficulty 
of causing so small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, in experiments made on a 
small scale. 

The strongest beton was obtained by using quite small frag- 
ments of brick, and the weakest fix>m small, rounded, stone gravel. 

A beton formed by pourinc grout among fragments of stone, ca 
brick, was inferior in strengm to that made in the usual way vrith 
mortar 

Comparing the strength of the betons on which the experih 
ments were made, which were eight months old when tried, with 
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that of a sample of sound red sand stone of good quality, it ap 
pears that the strongest prisms of bcton urere only half as stion(( 
as the sand-stone. 

296. Strength op Tibiber. A wide range of experiments 
has been made on the resistance of timber to compression, ex* 
tension, and a transverse strain, presenting very variable results. 
Among the most recent, and which command the greatest confi- 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transverse strain; the latter on that to oxn- 
pression. 

297. Resistance to Extension. The following Table exhibits 
the specific gravity, and the mean resistance per square inch of 
various kinds of timber, from the experiments of Prof. Barlow. 







UMn strencttior 




BpecimT. 




• 




tqnare Inch. 


Ash, (English) . 
Beech, do. 






y 


0.76C 
0.700 


17000 
11500 


Box . . . 








1.000 


20000 


Deal, (Christiana) 








C.680 


11000 


Do. (Memel 








0.690 


11000 


Elm . • . 








0.540 


5780 


Fir, (Nete England) 








0.550 


12000 


Do. (Riga) . . 
Do. (Mar Forest) 








0.750 


12600 








0.700 


12000 


htLTch, (Scotch) . 








0.540 


7000 


Locust 








0.950 


20580 










0.637 


8000 


Norway spars 








0.580 


12000 


Oak, (English) 






5 fronl 
{to 


0.700 
0.900 


9000 
15000 


Do. (African) . 
Do. (Adriatic) . 








0.980 


14400 








0.990 


14000 


Do. (Canadian . 








0.872 


12000 


Do. (-Dantzic) . 








0.760 


14500 


Pear ... . 








0.646 


9800 


Pooa .... 








0.600 


14000 


Pine, (pitch) . . 








0.660 


10500 


Do. (red) . 








0.660 


10000 1 


Teak .... 








0.750 


15000 1 



298. But few direct experiments have been made upon the 
elongations of timber firom a strain in the direction of the fibres 
From some made in France by MM. Minaid and Desormes, it 
would apj)ear that bars of oak having a sectional area of one 

Suare i^ich, will be elongated .001 176 of their length by a strain 
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5599. Resistance to Compression. The following Table ex* 
hibits the results obtained by Mr. Hodgkinson from experiments 
on short cylinders of timber with flat ends. The diameter of 
each cylinder was one inch, and its height two inches. The re- 
sults, in the first colunm, are a mean from about three experiments 
on timber moderately diy, being such as is used for making 
models for castings ; those in the second colunm were obtained, 
in a like manner, from similar specimens, which were turned and 
kept diy in a warm place two months longer. A comparison of 
the results in the two columns, shows the effect of drymg on the 
strength of timber ; wet timber not having half the strength of 
the same when diy. The circumstances of rupture ;were the 
same as abready stated in^the general observations under this 
head ; the height of the wedge which would slide off in tim- 
ber being about half the diameter, or thickness of the specimen 
crushed. 



Strength per iqaare Inch 
bilta. 



Alder 

Ash 

Baywood ...» 
Bee«h .... 

Birch, (American) 

Do. (Et^M) . 
Cedar ... * 

Crab 

Red deal . • • • 
White deal. . * *• 

Elder 

Elm 

Fir, (muee) 

Hornbeam . • • • 

Mahoffany • . • • 

OdkAQuebee) . 

Do. (English) . 

Do. {ikSuxie^ very dry) 

Pine, ivUch) 

Do. {ytUaw, fuU of turperUine) 

Do. (red) . . . • 

Poplar .... 

Plam, (wet) 

Do. (dry) 
Sycamore .... 

Teak 

Larch, (fatten two months) . 
Walnat .... 
WiUow .... 



6831 
8683 
7518 
7733 
3397 
3397 
6674 
6499 
6748 
6781 
7451 

6499 
4533 
8198 
4331 
6484 

6790 
6375 
6395 
3107 
3654 
8341 
7083 

3301 
6063 
3898 



6960 
9363 
7518 

19363 

11663 
6403 
5863 
7148 
6586 
7293 
9973 

10331 
6810 
7389 
8198 
5983 

10058 
7731 
6790 
5446 
7518 
5134 

to 1049 

13101 
5668 
7387 
6138 



800. Resistance of Square Pillars. Mr. Hod^kinsca has 
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made a number of invaluable experiments on the strenffth of 
pUlars of timber, and of columns of iron and steel, and from 
them has deduced formulae for calculating the pressure which 
they will support before breaking. The experiments on timber 
were made on pillars with flat ends. The following are the for 
niul® from which their strength may be estimated. 
Calling the breaking weight in lbs. W. 

*'*' the side of the square base in inches d. 

" t^;le length of the pillar in feet /. 
Then for long columns of oak, in which the side of the squai 
base is less than ^V^ ^^ height of the column ; 

W= 24542-^. 

and for red deal, 

W'= 17511 — 

For shorter pillars, where the ratio between their thickness and 
height is such that they still yield by bending, the strength is es- 
tinmted by the following formula : 

Calling the weight calculated from either of the preceding for- 
mulae, W. 

Calling the crushing weight, as estimated from the preceding 
Table, W. 

Calling the breaking weight in lbs., W. 

Then the formula for the strength is 

In each of the preceding fonnolse A must be taken in inches, 
and / in feet. 

801. Resistance to Transverse Strains. As timber, from the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greater number of experiments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the linear dimensions of the piece subjected 
to the strain. These relatione have been made the subject of 
mathematical investigations, founded upon data derived from ex- 
periment, which will be given in the Appendix. The following 
Table exliibiis the results of experiments made upon beams having 
a rectangular sectional area, which virere laid norizontally upon 
supports at their ends, and subjected to a strain applied at the 
middle point between the supports, in a vertical direction. 

For a more convenient application of the formulae to the results 
of the experiments, the notation adopted in the preceding Art 
will be here given. 
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CaJ the transverse force necessary to break tb 3 beam in lbs., Vf 
*^ the distance between the supports pi inches, L 
'^ the horizontal breadth of the sectional area in inches, b. 
" the vertical depth " " " d. 

** the deflection arising from a vreight w in inches,/. 



Table of Experiments i 


wtih 


the foregoing 


Notation, 


BMcmipnoxorwocD. j^JJJ^® 


T 


T 


T 


T 


to. 


Valne 
of 

w. 


Authors of ex. 
periuMati. 






iDchet. 


Inehw. 


iBChW. 


loehts. 


IbiU 


lbs. 




' Otik, (English) . . . 
Do. ICoMdiau) . . 


.934 


84 


S 




1580 


800 


037 


Piof. Baitow. 


.878 


84 


3 




1.080 


225 


673 


'» 


Fine, (jfmmem) . . 


— 


84 


8 




0.031 


150 


— 


•* 


Oak, (£iv/w*} . . . 


. 


30 


1 




0.5 


137 


- 


TradgokL 


White sprace, (Gnui«m) 
W1ilteplne,(^MmMit). 


.465 


34 


1 




0.5 


180 


885 


M 


AS& 


8Si8 


2.75 


5.55 


0.177 


777 


5189 


Lieut BnwB. 


Black spruce, do. 


^90 


853 


2.75 


5.55 


0.177 


898 


5646 


•• 


Soathera pine, do. 


373 


85.S 2.75 


5.54 


0.177 


1175 


9837 


«i 



302. Resistance to Detrrmon. From the experiments of Prof. 
Barlovr, it appears that the resistance oflfered by the lateral adhe- 
sion of the fibres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated at 592 lbs. per square inch. 

Mr. Tredgold gives the following as the results of experiments 
on the resistance oflfered by adhesion to a force appliea perpen- 
dicularly to the fibres to tear them asunder. 

Oak . . 2316 lbs. per sqoftre inch. 
Poplar. . 1782 " ** 

Larch, 970 to 1700 " " 

303. Strength of Cast Iron. The most recent experiments 
on the strength of this material are those of Mr. Hodgkinson. 
Those, particularly, made by him on the subject of tlie strength 
of columns, and the most suitable form of cast-iron, beams to sus- 
tain a transversal strain, have supplied the engineer and: architect 
with the most valuable guide in adapting this material to the 
various purposes of structures. 

304. Resistance to Extension, From a few experiments made 
by Mr. Rennie and Captain Brown, the tensile strength of cast 
iron varies from 7 to 9 tons per square inch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iron give the tensile strength from 6 to 9} tons per square 
inch. 

From some experiments made on American cast iron, under 
the direction of the FrankUn Institute, the mean tensile strength 
18 20634 lbs., or 9| tons per square inch. 

305. Resistance to Compression. The general circumstances 
attending the rupture of this material by compression, drawn hem 

11 
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be experiments of Mr. Hodgkinson, have already been giren 
The angle of the wedge resulting from the rupture is about 65®. 

The mean crushing weight derived from experiments upor 
short cylinders of hot blast iron was 121,685 lbs., or 54 tons 6| 
cwt. per square inch. 

That on short prisms of the same, with square bases, 100,738 
lbs., or 44 tons 19^ cwt. per square inch 

That on sliort cylinders of cold blast iron was 125,403 lbs., oi 
55 tons 19^ cwt. per square inch. 

That on short prisms of the same, having other regular figures 
for their bases, was 100,631 lbs., or 44 tons 18^ cwt. per square 
inch. 

Mr. Hodgkinson remarks with respect to the forms of base 
differing from the circle : " In the other forms the difference of 
strength is but little ; and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstances attending the ruptmre, Mr. 
Hodgkinson farther observes : " We may assume, therefore, 
without assignable error, that in the crushing of short iron prisms 
of various forms, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break m the 
same manner, the proportionality of the crushing force in different 
forms to the area ; smce the area of fracture would always be 
equal to the direct transverse area multiplied by a constant quan- 
tity dependent upon the material.'* 

Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in Cast Iron^from Mr, Hodgkin&orCs Experiments. 
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Compressive foroe 
per squBxe inch. 


Tenille (brce per 
square inch. 


Ratia 


Devon iron, 


No. 3. Hot blast 


145,435 


31,907 


6.638 : 1 


BufTery iron, 


No. 1. Hot blast 


86,397 


13,434 


6.431 




Do. 


" Cold blast 


03,385 


17,466 


5.346 




Coed.Taleniron,No. 3. Hot blast 


88,734 


16,676 


4.961 




Do. 


« Cold blast 


81,770 


18,855 


4.337 




Carron iron, 


No. 3. Hot blast 


108,540 


13,505 


8.037 




Do. 


" Cold blast 


106,375 


16,683 


6.376 




Canron iron. 


No. 3. Hot blast 


133,440 


17,755 


7.515 




Do. 


" Cold blast 


115,443 


14,300 


8.139 





306. Resistance of Cylindrical Columns. The experiments 
under this head were made upon solid and hollow columns, both 
ends of which were either flat or rounded, fixed or loose, or oof 
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end flat and the other rounded. In the case of columns with 
rounded ends, the pressure was applied in the direction of the 
axis of the column. ' 

The foUow'ng extracts are made from Mr. Hodgkinson's paper 
on tliis subject published in the Report of the British Association 
oflSiO. 

** 1st. In all long pillars of the same dimensions, the resistance 
to crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

" 2a. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends round, and one with both ends 
flat. Thus, of three cylindrical pillars, all of the same length 
uid diameter, the first naving both its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
fiat, the strengths are as 1, 2, 3, nearly. 

'^ 3d. A long, uniform, cast-iron pillar, with its ends firmly 
fixed, whether by means of discs or otherwise, has the same 
power to resist breaking as a pillar of the same diameter, and 
half the length, with the ends rounded or turned so that the force 
would pass through the axis. 

" 4th. The experiments show that some additional strength is 
^yen to a piUar by enlarging its diameter in the middle part ; this 
mcrease does not, however, appear to be more than one seventh, 
or one eighth of the breaking weight. 

" 5th. The index of the power of the diameter to which the 
length of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared from the re- 
sults of a great number of eiqperiments ; or the strength of both 
may be taken as the 3.6 power of the diameter nearly. 

" 6th. In pillars of the same thickness, the strength is inversely 
proportional to the L7 power of the length nearly. 

*' Thus the strength of a solid pillar with rounded ends, the 

diameter of which is cf, and the length Z, is as -^." 

" The absolute strength of solid pillars, as appeared from the 
experiments, are nearly as below. 
In pillars vrith rounded ends, 

Strength in tons = 14.9 •^. 

In pillars with flat ends, 

Strength in tons = 44.16 ^. 

In hollow pillars nearly the same laws were found to obtain ; 
liut, if D and cf be the external and internal diameters of a piUai 
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whose length is Z, the strength of a hoDow cylinder of which th« 
ends were moveable (as in the connecting roa of a steam-en^ne) 
^ould be expressed by tlie formula below. 

Strength m tons = 13 jj^^ . 

In hollow pillars, whose ends ar^ flat, we had &€»ai experimen 
as before, 

2)1.6 _ ^8 

Strength in tons = 44.3 ^ 

The formuls above apply to all pillars whose length is not 
less than about thirty times the external diameter; for pillars 
shorter than this, it is necessary to have recourse to the * for- 
mula,' given under the head of Strength of Timber, for short 
pillars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron." 

307. Similar PUlars. "In similar pillars, or those whose 
length is to the diameter in a constant proportion, the strength is 
nearly as the square of the diameter, or of any other linear di- 
mension ; or, in other words, the strength is nearly as the area 
of the transverse section." 

" In hollow pillars, of greater diameter at one end than the 
other, or in the middle than at the ends, it was not found that 
any additional strength was obtained over that of cylindrical 
pillars." 

" The strength of a pillar, in the form of the connecting rod of 
a steam-engine," (that is, the transverse section presenting the 
figure of a cross -H,) " was found to be very small, perhaps not 
half the strength that the same metal would have given if cast in 
the form of a uniform hollow cylinder." 

" A pillar irregularly fixed, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pillars fixed at one end and moveable at the other, as in those flat 
at one end and rounded at the other, break at one third the length 
from the moveable end ; therefore, to economize^ the metal, they 
should be rendered stronger there than in other parts." 

308. Long-continued Pressure on Pillars.. " To determine 
the effect of a load lying constantly on a pillar, Mr. Fairbaim had, 
at the writer's suggestion, four pillars cast, all of the same length 
and diameter. The first was loaded with 4 cwt., the second 
with 7 cwt., the third with 10 cwt., and the fouith with 13 cwt. ; 
this last load was yVir ^^ what had previously broken a pillar of 
the same dimensions, when the weight was carefully laid on with- 
wt loss of time. The pillar loaded with 1 3 cwt. bore the weight 
between five and six months, and then broke." 

309. General Properties of Pillars, " In pillars of wrought 
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iron, steel, and timber, the same laws, with respect to rounded 
and flat ends, were fomid to obtain, as had been shown to ezisi 
in cast iron.'' 

" Of rectangular pillars of timber, it was proved experimental 
y that the pillar of greatest strength of the same material is a 
square." 

810, CoTnparative Strengths of Cast Iron, Wrought Iron, 
Steel, and Timber. 

*' It resulted from the experiments upon pillars of the same 
dimensions but of different materials, that if we call the strength 
of cast iron 1000, we shall have for wrought iron 1745, cast stee. 
2518, Dantzic oak 108.8, red deal 78.5.^ 

311. Resistance to Transverse Strains. The following Tables 
and deductions are drawn from the experiments of Messrs. Hodg- 
kinson and Fairbairn, on hot and cold blast iron, as published in 
thedr Reports to the British Association in 1837. 

Table exhibiting the results of experiments by Mr. Hodghinson 
on bars of hot blast iron 6 feet long, with a rectangular seC" 
tional area ; the bars resting horizontally on props 4 feet 6 
inches apart ; the weight being applied at the middle of the 
bar. 



ExraEDfBirr 1. 


EzpsmxMxiiT 13. 


EXPBEXXBIIT 14. 


Bectugalar bw. 
liK) inch broad, 


Bectaogalar bv, 
L03 inches brand, 


IjOS inches broad, 


Weight ofbv, IS IbikS OS. 


ZJ» ** deep. 


4J6 ** deepw 
Weight 78 UmT 


1- 






I' 


J9 


1 

1 


3 




s 
i 


16 


.037 


visible 


1474 


_ 


.001 


5867 


.127 


_ 


23 


.052 


increased 


1605 


.130 


.003 


6798 


.153 


.01 


30 


.070 


.001 1 


1866 


.156 


.006 


7780 


.177 


. 


56 


.132 


.002 


2126 


.185 


.010 


8661 


.207 


. 


lis 


.271 


.008 


2388 


.212 


.012 


9593 


.235 


. 


2^ 


.588 


.037 


2649 


.243 


.017 


10524 


.275 


.03 


336 


.940 


.087 


2910 


.272 


.022 


11087 


broke 


«. 


448 


1.360 


.181 


3172 


.307 


.030 


-. 


. 


^ 


409 


broke 


^ 


8433 


.340 


.038 


_ 


. 


. 


i- 


.. 


3694 


.878 


.050 


« 


-. 


.. 


- 


"* 


- 


3966 


broke 


- 


- 




~ 


MMtaMhM. 






.OSiiieh. 


jniBoh. 
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Results of experiments^ hy the same, on the transverse strength of 
cold blast iron ; length of bars^ and distance between the points 
of support the same as in the preceding Table. 





ExramiMBXT IS. 




IXBSiBchdMp, 
1.00S " broad. 
Weight, UltM. 60^ 


3.00 inchea deep, 

1.08 «* broad. 

Welflit,461bs.6os. 


BectaaraUr bar, 

1.03 « broad 
Weight, 78 Iba. 


I' 








A 


ai 


1- 


a 


■1 
It 


16 


.033 


viriUe 


1082 


.091 


.003 


4936 


.110 


.013 


30 


.062 


increaaed 


1343 


.111 


.006 


5867 


.130 


— 


56 


.120 


.002 


1605 


.138 


.008 


6798 


.153 


.020 


112 


.240 


.007 


1866 


.164 


.010 


7730 


.179 


.025 


168 


.370 


.014 


2126 


.190 


.012 


8662 


.195 


. 


324 


.510 


.028 


2388 


.220 


.015 


9593 


.219 


.034 


280 


.649 


.041 


2649 


.250 


.019 


10525 


.250 


.042 


336 


.798 


.061 


2910 


.281 


.026 


10588 


broke 


— 


392 


.953 


.084 


3172 


.310 


.031 


. 


— 


-. 


448 


1.120 


.120 


3433 


.345 


.037 


- 


- 


« 


504 


1.310 


.170 


3694 


.378 


.046 


— 


— 


. 


514 


it bore 


- 


3825 


broke 


- 


-. 


— 


« 


518 


broke 


- 


— 


- 


- 


- 


- 


- 


LaSinch. 


0.305 ln«h. 


Ultimate deflectton 
0.S5B. 



312. The following remarks are extracted firom the same Re 
port : " I had remarked, in some of the experiments, that the 
elasticity of the bars was injured much earlier than is generally 
conceived ; and that instead of its remaining perfect till one third, 
or upwards, of the breaking weight was laid on, as is generally 
admitted by writers, it was evident that Jlh, or less, produced in 
some cases a considerable set or defect ol elasticity ; and judging 
from its slow increase afterwards, I was persuaded that it had not 
come on by a sudden change, but had existed, though in a less 
degree, from a very early period." 

" From what has been stated above, deduced from experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foimdation in nature; but 
^t will be considered as a compensating fact, that materials will 
bear for an indefinite period a much greater load than has hitherto 
oeen conceived," 

313. "We may admit," bom the mean results, "that tlie 
strength of rectangular bars is as the square of the depth." 
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314. Effects of time upon the deflections caused by a perrna* 
nent load on the middle of horizontal bars. 

The following Table exhibits the results of Mr. Fairhaim's ex* 
periments on this point. The experiments were made on bars 
5 feet long, 1.05 inch deep ; the one of cold blast iron, 1.03 inch 
oroad; the other of hot blast, 1.01 broad; distance between the 
pomts of support 4 feet 6 inches. The constant weight sus- 
pended at the centre o^ the bars was 280 lbs. This weight re 
mained on from March 11th, 1837, to June 23d, 1838. 



Cold blast Iron. 
DeflectioQ In 
Inches. 


Dnte of observation. 


Temp. 


Hot blast Iron. 
Deflection In 
Inches. 


Ratio of increase of 


.930 
.963 


March 11th, 1637, 
June 23d, 1838, 


78» 


1.064 
1.107 


— 


.033 


Increase, 


- 


.043 


1000 : 1303 



315. Mr. Fairbaim in his Report remarks on the above and 
like results : ^' The hot blast bar in these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidity of increase, which it will be observed 
is considerably greater in the hot than in the cold blast bar.'* 

" It appears from the present state of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ; or 
otherwise to that position which mdicates a correct adjustment 
of the particles in equilibrium with the load. Which of the two 
points we have in this instance attained is difficult to determine * 
sufficient data, however, are adduced to show that the weights 
are considerably beyond the elastic Umit, and that cast iron will 
support loads to an extent beyond what has usually been consid- 
erea safe, or beyond that point where a pennanent set takes place.'' 

316. Effects of Temperature. Mr. Fairbaim remarks : " The 
infusion ci heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ; and I apprehend it 
vfill be founa weaker, and less secure under the efiects of heavy 
strain. This is observable to a considerable extent in the expen- 
ments" on transverse strength "ranging from 26® up to 1 90° Fahr." 

* The cold blast at 26® and 190**, is in strength as 874 : 743, 
The hot blast at 26"* and 190*", is in stxencth as 811 : 731, 
oiaing a diminution ir. strength as 100 : 85 for Uie cold blast, and 
100 to 90 for the hot blast, or 15 per cent, loss of strength in the 
cold blast, and 10 per cent, in the hot blast." 

** A number of the experiments made on No. 3 iron have given 
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extraordinary and not unfrequently unexpected results. Geaer 
ally speaking, it is an iron of an irregular character, and presents 
less uniformity in its texture than eimer the first or second quali- 
ties ; in other respects it is more retentive, and is often used for 
giving strength and tenacity to the finer metals." ^ 

'* At 212" we have in the No. 3 a much greater weight sua* 
tained than what is indicated by the No. 2 at lOO"" ; and at 600*" 
there appears in both hot and cold blast the anomaly of increased 
strength as the temperature is advanced from boilinff water to 
melted lead, arising from the greater strength of the ISo, 3 iron.' 

317. Influence of Form in Cast Iron upon the Transverse 
Strength of Beams. Upon no point, respecting the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
valuable results to the engineer and architect, than upon the one 
under Uiis head. The following Tables give the results of exi)eri- 
ments on bars of a uniform cross section, (thus TO cast from hot 
and cold blast iron. The bars were 7 feet long, and placed, for 
breaking, on supports 6 feet 6 inches asunder. 

Table exhibiting the results of experiments on bars of hot buM 
iron of the form of cross section as above. 



BxPSEUiBirr 4. 


ExpsmiMSHT 5. 


Bar brokea "TT" Mthown 


B«i broken ^^^^ m shown 




with the lib upwud. 


a 


ii 




a 


l| 


1 


u 


11 


i 


u 


i 


^ 


fi-fl 




^ 


&^ 




7 


.016 


yiable 


7 


— 


notYiaible 


14 


.033 


.001 


14 


.035 


Yiable 


21 


.046 


.003 


31 


.045 


.003 


98 


.064 


.004 


38 


.065 


.003 


66 


.130 


.005 


56 


.134 


.005 


113 


.273 


.020 


113 


.370 


.015 


168 


.444 


.035 


334 


.580 


.058 


934 


.618 


.058 


336 


.895 


.101 


380 


.813 


.093 


448 


1.334 


• .165 


336 


1.030 


.130 


560 


1.585 


.335 


364 


broke 


-. 


673 


1.985 


.330 


. 


-. 


^ 


784 


3.410 


.490 


^ 


. 


^ 


896 


3.450 


.783 


<-. 


^ 


-. 


1008 


4.140 


1.040 


. 


. 


-. 


1064 


. 


_ 


- 


- 


- 


1130 


broke 


- 


rittnMBi 


i«flaetkMiL]38iii€hM. 


Inches long and IM deep, of 
thU form J, llybi 










oaL 
UMnui 


^^"^'^^'"^ \ 




1 


tedeSe«tlon4JB». 
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Note. The annexed diagram ^ows the 
fonn of the uniform cross section of the 
bars. The linear dimensions of the cross 
section in the two experiments were as fol- 
lows: 



u 



Length of paxallelogmn AB 
Depth *' AB 

Total depth of bar .CD 
Bieadthofrib . . . DE 




Expt.4. jg^ 



5 inchest 

c( > Expt. 
0.365 «* J 



6. 



Table exhibiting results of experiments on bars of cold blast iron 
bfeet tongf of the same form of cross section as in preceding 
Table, 



EOSEIMBIIT 4. 


EXPSEINUIT 5. 


BMteoton^T* 


with rib 


Bar broken ^^^ with rib 






upward. 


M 


g^ 




M 


II 




u 


11 


i 


h 


1 


^ 


§•9 




fe 


(S-S 




113 


.03 


^ 


112 


.08 


.. 


224 


.07 


-. 


224 


.07 


« 


336 


.11 


. 


386 


.11 


. 


392 


.18 


.005 


448 


.15 


. 


420 


.14 


.007 


560 


.19 


.006 


448 


.15 


.010 


616 


.21 


.010 


560 


.19 


.012 


672 


.23 


.. 


672 


.23 


.016 


728 


. 


.016 


784 


.28 


.023 


784 


.27 


. 


8d6 


.33 


.030 


896 


.31 


.. 


959 


.35 


. 


1008 


.35 


— 


980 


broke 


— 


1120 


.39 


^ 


« 


— 


. 


1344 


.48 


— 


— 


.. 


-. 


1568 


.57 


— 


. 


. 


~ 


1792 


.67 


— 


— 


- 


-. 


2016 


.80 


. 


— 


• 


« 


2240 


.95 


•• 


- 


- 


— 


2296 


it bore 


-. 


- 


- 


- 


2352 


broke 


- 




m aflL 


Fraetve by a wedge bieaMnf 
out at In Ekperimant 5, Hot 



Note. The linear dimensions of the cross secti<m of the baiii 
i she above Table, were nearly the same as those in the prece* 
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ding Tabki with the exception of the total depth CD, whicii, in 
these last two experiments, was 2.27 inches, or a little more. 

318. The object had in view by Mr. Hodgkinson, in the ex- 
periments recorded in the two preceding Tables, was twofold ; 
the one to ascertain the circumstances under which a permanent 
set, or injury to elasticity takes place ; the other to ascertain the 
effect of the form of cross section on the transverse strength of 
cast iron. The following extracts from the Report, give the 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 5," (on hot blast iron,) " which were 
on longer bars than the others, cast for this purpose, and for an- 
other mentioned further on, the elasticity (in Expt. 4) was sensi- 
bly injured with 7 lbs., and in the latter (Expt. 5) with 14 lbs., 
the breaking weights being 364 lbs., and 1120 lbs. In the for- 
mer of these cases a set was visible with j\j and in the other 
with jV of the breaking weight, showing that there is no weight, 
however small, that wiU not injure the elasticity.'' 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ; I was desirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ; in 
these a section of the casting, which was uniform throughout, had 

e 

the form J^. During the experiments the broad part ab was laid 
a b 

horizontally upon supports ; the vertical rib c in the latter experi- 
ment being upward, in the former downward. When it was 
downward the rib was extended, when upward the rib was com- 
pressed. In both cases the part ab was the fulcrum ; it was thin, 
and therefore easily flexible ; but its breadth was such that it was 
nearly inextensible and incompressible, comparatively, with the 
vertical rib. We may therefore assume, that nearly the whole 
flexure which takes place in a bar of this form, arises from the 
extension or compression of the rib, according as it is downward 
or upward. In Expt. 4 we have extension nearlv without com- 
pression, and in Expt. 5 compression almost without extension. 
These eroeriments were made with great care. They show tliat 
there is but httle difierence in the quantity of set, whether it 
arises from tension or compression." 

" The set from compression, however, is usually less than that 
from extension, as is seen in the commencement of the two ex 
periments, and near the time of fracture in that submitted to ten 
sion. The deflections from equal weights are nearlv tlie same 
whether the rib be extended or compressed, but the ultimate 
strengths, as appears from above, are widely different." 
' 319. Form of Cast Iron Beam best adapted to resist a Tranh 
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verse Strain. The experiments of Mr. Hodgkinson on this 8ub<i 
Tcct, published in the Memoirs of (he Literary and Philosophical 
Society of Manchester, Second Series, vol. 5, are of equal in- 
terest with those just detailed, both in their general results and 
practical bearing. From these experiments, the conclusion diawii 
ifl that the form of beam in the annexed diagrams is the most fa,^ 
Torable for resistance to transverse strains. 

Fig. a. 





Fig. &. 



=^ 



^ 



Fig. a represents the plan, Fig. b 
the elevation, and Fig. c the cross 
section (enlarged)| at the middle of 
the beam. From the Figs, it will 
be seen, that the beam consists of 
three parts ; a bottom flanch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of sup- 
port would be placed, so as to form 
a portion of the common parabola on each side of the axis of the 
beam, the vertex of each parabola being at the centre of the beam. 
I'he object of this form of flanch was to make it, according to 
theory, the strongest, with the same amount of material, to bear 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of urfiform depth and 
breadth. 

The following are the relative dimensions of this form of beam 
which, from experiment, gave the most favorable result. 




Distance of supports .... 
Total depth of beam .... 
Breadth of top flanch at centre of beam 

•* bottom flanch ** 

Uniform depth of top flanch 

" bottom flanch . 

Thickness of vertical rib . 
Total area of cross section 
Weight of beam 



4 fL 6 inches. 
" 6J " 

2.33 " 

6.66 " 

0.31 " 

0.66 ** 

0.366 •• 

6.4 square ioon 
71 lbs 
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** This beam broke in the middle by compression ivith 26084 
lbs., or 11 tons 13 cwt«» a wedge separating from its uppei 
side.'* 

** The weidits were laid gradually and slowly on, and the beam 
had borne within a httle of its breaking weight a considerable time, 
perhaps half an hour." 

*^ The form of the fracture and wedge is represented in the 
Fig. 6, where e/ifis the wedge, c/"= 6.1 inches, tn = 3.9 inches, 
angle en/" =82".^ 

" It is extremely probable, from this fracture, that the neutral 

Joint was at n, he vertex of the wedge, and therefore at fths the 
epth of the beam, since 3.9 = f x 5} nearly." 

The relative dimensions above given were arrived at by " con- 
stantly making small additions" to the bottom flanch, untu a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having vielded by the bottom flanch tearing asunder. 

" The great stren£[th of this form of cross section is an indis- 
putable refrttation of that theory which would make the top and 
bottom ribs of a cast iron beam equal." 

" The form of cross section" (as above) " is the best which we 
have arrived at for the beam to bear an ultim&te strain. If we 
adopt the form of beam, (as above,) I think we may confidently 
expect to obtain the same strength with a saving of upwards d 
Jth of the metal." 

320. Rules for determining the ultimate Strength of Cast 
Iron Beams of the above forms. From the results of his experi- 
ments, Mr. Hodgkinson nas deduced the following very simple 
formulae, for determining the breaking weight, in tons, when ap- 
plied at the middle of a beam. 

Call the breakmg weigL* in tons, W. 

Call the area of the crojs section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the depth of the beam at the middle point, d. 

Call the distance between the supports, /. 

Then 

W^ = 26^, 

when the beam has been cast with the bottom flanch apwaid 
and 

when the beam has been cast on its side. 
381. Effect of Hofizontal Impact upon cast iron bars, and 
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Measure ofthe Resistance offered by cast iron to this force. The 
following Tables of experiments on this subject, and the results 
drawn from them, are taken from a P&p^i^ Dy Mr. Hodgkinson, 
published in the Fifth Report of the British Association. 

The bars under expenment were impinged upon by a weight 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of Uie bar. The blow was given by al- 
lowing the weight to swing through different arcs. The bars 
were so confined against lateral supports, that they could take nc 
vertical motion. 



Table of experiments on a cast iron har^ Aft. 6 in* long^ 1 in. 
broad, \ tn. thujc^ weighing 7} Ibs.^ placed with the broadside 
against lateral supports 4 ft. asunder y and impinged upon by 
cast iron and lead balls weighing 8| lbs., swinging through 
arcs ofthe radius 12 feet. 



LnpMt with iMdoB baU. 






6.6 
13 
19 
37 
34 
47 



.34 
.46 
.73 
.97 
1.30 
1.60 



nnpact with iron InlL 



ll 

2j 



6.6 
14 
SO 
39 
37 
48 



.33 
.46 
.65 
.98 
1.33 
1.65 



" Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the middle bent it (in the same direction that it was 
afterwards bent by impact) as below : 

38 Ibe^ bent it .37 inch. 

66 lbs. *« .77 ** ElMtieity s Uttle injQMd.'* 
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Tatfc of eajseriments on a cast iron bar 7ft. long^ 1.08 in. hroad 
and 1.05 in. thicks weighing 23^ Ibs.^ placed^ as in preceding 
expeiimentSy against supports 6 ft. 6 in. asunder y and bent by 
impacts in the middle. Impinging ball of cast iron weighing 
20| Us. Radius of arcs 16 feeU 



Impact upon bar. 



9 
3 

4 
6 
6 
7 
8 



.46 
.69 
.87 
1.03 
1.94 
1.44 
1.80 



Impaet upon tb» 



Snt 






3 
4 
5 

6 

7 
8 
9 



.31 

.43 

.69 

.81 

1.04 

1.98 

1.41 

1.63 



'llie results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge against a weight of 56 
lbs., hung so as to be in contact with the bar. 

" Before the experiments on impact, the beam was laid on two 
supports 6 ft. 6 in. asunder, and was bent .78 in. by 123 lbs., 
(including the pressure from its own weight,) applied gently in 
the middle." 

Tables cf experiments on two cast iron bars, 4 ft. 6 in. long^full 
inch square^ weighing 14 lbs. 10 oz. nearly^ placed against 
supports 4 feet apart j and impinged upon by a cast iron baU 
weighing 44 lbs. Radius 16 ft. 



Impact In the middle. 


Impact at one fourth the length from the middle 
of the ban. 


Chonb orazct In 
feet 


Mean deflections 
of the two ban 
in Inches. 


Chords of arcs 
in feet 


Mean deflections 
of the two ban 
In hiehes. 


MeanreUoofthe 
deflections in 
the two cases. 


6.6 


.35 
.65 

.77 

.95 

1.06 

Broke in the 

middle 


9 
3 
4 

6 

6.6 

6 


.94 
.49 
.69 
.64 
.70 
Broke at the 
point of impact 


694 



The results, in the Ist of the above Tables arc from bars stnick 
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in the middle, those in the 2d Table are from bars struck at the 
middle point between the centre and extremity of the bar. 

322. From the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whetlier 
struck in the middle or half way between that and one end." 

^* From all the experiments it appears, that the deflection is 
nearly as the chord of the arc fallen through, or as the velocity 
of impact.** 

The following conclusions are drawn from the experiments. 

( 1 .) " If different bodies of equal weight, but differing consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, all the 
bodies will recoil with velocities equal to one another." 

(2.) " If, as before, a beam supported at its ends be struck 
horizontally by bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (thougn somewhat below) what 
would arise from the full varying pressure of a perfecdy elastic 
beam, as it recovered its form alter deflection." 

Note, This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies of different natures striking a^inst 
a hard, flexible beam, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error, on a sup- 
position that they are inelastic." 

(5.) " The power of a imiform beam to resist a blow given 
horizontally, is the same in whatever part it is struck." 

323. From the results of the experiments of Messrs. Fairbaim 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1 000 to 1226.3, 
tiie resistance of cold blast being represented by 1000; the re- 
sistance, or power of the beam to bear a horizontal impact, being 
measured by the product of its breaking weight from a transverse 
strain at the middle of the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, " supposes that all cast iron 
bars of the same dimensions, in our expenments, are of tlie same 
weight, and that the deflection of a oeam up to the breaking 
weight, would be as the pressure. Neither of these is true ; 
they are only approximations ; but the difference in the weights 
of cast iron bars of equal size is very little, and taking them as 
the same, it may be inferred from my paper on Impact upon 
Beams, {Fifth Report of the British Association^) that the as- 
tomption above gives results near enough for practice." 
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324. Stbbngth of Wrought Iron. This material, from Hf 
Tery extensive applications in structures where a considerable 
tensile force is to be resisted, as in suspension bridges, iron ties, 
&c., has been the subject of a very great number ofexperiments. 
Among the many may be cited those of Telford and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the direction of the 
Tranklin Institute, and published in the 19th and 20th vols. (iVeto 
Series) of the Journal of the Institute. 

Resistance to Extension. The follovring Tables exhibit the 
tensile strength of this material under ordinary temperatures, and 
in the different states in which it is used for structures. 

Table exhibiting the Strength of Square and Round bars of 
Wrought Iron. 





Unirtii a 


Kst«»tob»< 


Bndtt^ 


IWMih 




vncaxmon or ieoii. 


pMCMia 


fort nipun 




•UMfthpcr 


Amhm, 




fMU 


lauekM. 


tan*. 


■qMniM*. 




Bar 1 Inch iqiiAra, fTdsk 


1 


S.7S 


90 


90 


XeUbid. 


" Swtdisk . 


1 


0J75 


90 


90 


M 


Boiuidbar,3iii.diam. •* 


1 


S.S 


100 


90 J8 


« 


Bw, IJl inch square " 


3J( 


0.10 


40J5 


93.75 


Brawa. 


« 1.19 


9.5 


2M 


33J0 


93.75 


M 




3.5 


S.S5 


38.10 


96.50 


« 


Bw, 1J25 inch uqxun, WeUk . 


3.5 


iM 


38.05 


94.35 


M 


Ro«udb(ur,3in.dlam. " 


1S.5 


ISJSO 


82.75 


96J3 


U 


Buns redneed in the middle by 












hammering to 0J751n. square 


— 


- 


.> 


3135 


Bimnd. 


" OJO « 


.. 


— 


. 


30.80 


u 




- 


- 


- 


91 J8 


(Fnaklia 

{iBStitMB. 


•• (sUtnxlB) .... 


• 


.. 


.» 


99JS 


M 


** 7«iMef«M 


— 


— 


.. 


S3L95 


" 




. 


mm 


— 


9SS0 


M 


*" Swedifk . . 


• 


»m 


• 


95J7 


U 


** Court Cb., Pmm, 


. 


» 


« 


96j07 


M 




» 


.. 


i. 


90.18 


M 


" (cable iron) EngiM 


" 


^ 


^ 


98j89 
31.70 


« 
« 


** RutMiam 


. 


mm 


. 


33.95 


U 


" 0.100 " ^ " 


- 


" 


: 


37 J6 
38198 


M 
M 


" 0.150 ** ** 


« 


. 


^ 


3oai 


U 


" 0.10 •* Xiigluk 


- 


*■ 


~ 


35.81 


Tb^bid. 



Table exhibiting the Mean Strength of Boiler Irouj per square 
inch in lbs.j cut from plates toith shears. 





lough edge bar. 


Edges filed imi- 
formly. 


Notches filed faita 
bar on each edge. 


Piled iron .... 
Hammered plate 
Paddled iroo . 


63,045 
47,506 
59,341 


56,081 
55,584 
51,039 


Ill 



It is remarked in the Report of the Sub-committee, " that tlie 
uiherent irregularities of the metal, even in the best spedmensi 
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ni ether of rolled or hammered iron, seldom fall short of 10 or 15 
per cent, of the mean strength." 

Jrom the same series of experiments, it appears that th 
r«TU>fii/. of rolled plate lengthwise is about 6 per cent, greater 
man rv strength crosswise. 

In the Tenth Report of the British Association in 1840, Mr. 
Fairbaim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
ji iron plates lengthwise is 22.52 tons. 
Crosswise " 23.04 " 

Single-riveted plates " 18,590 lbs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100. 

The double-riveted plates will be . . 70. 

The single " " . . 56. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroad, (Journal of Franklin Insti- 
rute, July, 1835,) states, as the results of his experiments, that a 
oar of malleable iron one inch square is elongated the io^th part 
of its length by a strain of one ton ; that good iron is elongated the 
xoooth part by a strain of 10 tons, and is injured by this strain^ 
while indifferent, or bad iron is injured by a strain oi 8 tons. 

From the Report made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
different strains, varying with the character of the material. The 
most ductile iron yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the ultimate strength; the mean of thir- 
teen comparisons being 0.641. 

326. Resistance to Compression, But few experiments have- 
been published on the resistance of this material to compression. 
Rondelet states that it commences to jrield under a pressure of 
about 70,800 lbs. per square inch, and mat when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushing indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a Transverse Strain. The following Ta- 
bles exhibit the circumstances of deflection from a transverse- 
strain on bars laid on horizontal supports ; the weight being ap-> 
plied at the middle of the bar. 

The Table I. gives the results on bars 2 inches square, laid om 
supports SQ inches asunder; Table II. the results on bars 3 
inches deep, 1.9 in. broad, bearing as in Table I. 

13 
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Tabdb I. 


Tablb n. 








Deflectim In . 


Wslght In tom. 


inches for «Mh 


Weight in toBff. 


inches fin «ac^ 




half ton. 




hair«m 


.76 


.020 


.250 


. 


1.00 


.020 


^0 


.ow 


1.50 


.020 


1.00 


.022 


2.00 


.030 


1.50 


.020 


2.50 


.020 


2.00 


.026 • 


3.00 


iSet 


2.25 


.018 


— ' 


— 


2.50 


.<m 


— 


— 


2.75 


.038 


— 


— 


3.00 


^9 



Tlie above experiments were made by Professor Barlow, and 
published in his Keport abready cited. He remarks on the re- 
suits in Table II., that the elasticity was injured by 2.50 t' ns 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re- 
marks on these trials, that " the measurements obtained in thuse 
experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results seem the 
most positive of any hitherto obtained ; still there can be little 
doubt this ratio varies in iron of different qualities ; but looking 
to the preceding experiments, it is probably always from 1 to 3, 
to 1 to 5." 

329. Effects of time on the elongation of Wrought Iron from 
a constant strain of extension. M. Vicat has given, in the An- 
nales de Chimie et de Physique^ vol. 54, some experiments on 
this point, made on iron vdres which had not been annealed, by 
subjecting four wires, respectively, to strains amounting to the 
\y the ^, the ^, and | of tneir tensile strengtli, during a period of 
33 months. 

From the results of these experiments it appears, that each 
wire, immediately upon the application of the strain to which it 
was subjected, received a certain amount of extension. 

The first wire, which was subjected to a strain of ilh its ten- 
sile strength, was found at the end of the time in question not to 
have acquired any increase of extension. 

The second, submitted to |d its tensile strength, was elongated 
0.027 in. per foot, independently of the elongation it at first re- 
ceived. 

The third, subjected under like circumstances to a straic uf 
^th its tensile strength, was elongated 0.40 in. per foot, besidei 
its first elongation. 
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llie fouTtn, similarly subjected to |ths the tensile st.*ength, was 
elongated 0.061, be iides its first elongation. 

From observations made during the experiments, it was found 
that, reckoning from the time when the first elongations took place, 
the rapidity of the subsequent elongations was nearly proportional 
to the times ; and that the elongations from strains greater than 
}th the tensile strength are, after equal times, nearly proportional, 
to the strains. 

330. M. Vicat remarks it substance upon the results of these 
experiments, that iron wire, when not annealed, commences to 
exnibit a permanent set when subjected to a strain between the 
i and ^ of its tensile strength, and that therefore it is rendered 

Erobable that the wire ropes ojf a suspension bridge, which should 
e subjected to a like strain, would, when the vibratory motion to 
which such structures are liable is considered, yield constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure of the 
resistance offered by materials to strains exerted only some minutes, 
or hours, is entirely relative to the duration of the experiments. 
To ascertain the absolute measure of this resistance, which should 
serve as a guide to the engineer, the materials ought to be sub- 
jected for some months to strains ; while observations should be 
made during this period, with accurate instruments, upon the 
manner in wnich thev yield under these strains. 

331. Effects of Temperature on the Tensile Strength of 
Wrought Iron The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at high degrees of heat the tensile strength was 
greater up to a certain point than was exhibited hj the same iron 
at ordinary temperatures. The Sub-committee m their Report 
remark : " This circumstance was noted at 212% 392*, and 572**, 
rising by steps of 180® each from 32®, at which last point some 
trials have been made in melting ice. At the highest of these 
points, however, it was perceived that some specimens of the 
metal exhibited but little, if any, superiority of strength over that 
which they had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature.'' 

^ It hence became apparent that any law, taking for a basis 
the strength of iron in its ordinary condition, and at common 
temperatures, must be liable to great uncertainty, in regard to its 
nppiieation to different specimens of the metal. It was evident 
iat ihe unomaly above referred to munt be only apparent, and 
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Uiat the tenacity actually exhibited at 672**, as well as that which 

f)revails while the iron is in the state in which it was left by 
orring, or rolling, must be below its maximum tenacity." 

From the experiments made upon several bars of the same 
iron, it appeared that their "maximum tenacity was 15 17 pel 
cent, greater than their mean strength when triedf cold." 

Calculating the maximum tenacity in other experiments from 
this standard, the Sub-committee have drawn up the following 
Table exhibiting the relations between diminutions from the max- 
imum tenacity and the degrees of temperature by which they are 
caused, from which the curve represeming the law of these rela- 
tions can. be constructed. 



Tablk. 









OhMrvAd dlmi. 


Power of the temperatnre- 


No.ofthecom- 


Observed tenH 


Observed tem- 


\^tMrwu umuT 

nation of te- 
nacity. 


whlch represents thei 


ponsoQ. 


Beiatiueg. 


pemtures— 80». 


dlmlnntlon of tenacity 
at each point 


1 


620' 


440' 


.0738 


1^ 2.25 


2 


670 


490 


.0869 


U 2.17 


3 


696 


616 


.0899 


yxS 2.38 


4 


662 


582 


.1155 


^* 2.67 


& 


770 


690 


.1627 


2.85 


6 


824 


744 


.2010 


2.94 


7 


932 


852 


.3324 


2.97 ^ 
2.92 ' 


8 


1030 


950 


.4478 


9 


I'lll 


103t 


.5514 


2.63 


10 


1155 


1075 


.6000 


2.60 


11 


1237 


1167 


.6622 


2.41 


12 


1317 


1237 


.7001 


2.14 
Mean 2.68 



The Sub-committee remark on tha construction of the above 
Table . " As some of the experimenVi which furnished the stand- 
ards of comparison for strength at ordinary temperatuxes^ were 
made at 80^^ and as at this point small variations with respect to 
heat appear ta affect but very sUghtly the tenacity of iron, it was 
conceived that for practical purposes, at least, the calculations 
might be commenced from that point." 

" It will be found that with the exception of a shght anomaly 
oetween 520" and 570", amounting to — .08^ the numbers express- 
ng the ratios between the elevations of temperature, and the 
diminutions of tenacity, constantly increase until we reach 932", 
at which it is 2.97, and that from tHs point the ratio of diminu- 
tion decreases to the limits of our range of trials, 1317", where it 
is 2.14. It will also be observed, that thf diminution of tenacity 
at 932", where the law changes from an ir :reasing to a decreasing 
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rate of diminution, is almost precisely one third of the total, or 
maximum strength of the iron at ordinary temperatures." 

From the mean of all the rates in the above Table the follow- 
ing rule is deduced : " the thirteenth power of the temperature 
above 80" is proportionate to the fifth power of the diminution 
frorr. the maximum tenacity. ^^ 

Professor W. R. Johnson, a member of the sub-committee, 
has since applied the results developed in the preceding experi- 
ments to practical purposes, in increasing the tenacity of wrought 
iron by subjecting it to tension under a high degree of tempera- 
ture, before using it for purposes in which it wiU have to undergo 
considerable strains, as, for exaniple, in chain cables, &c. 

This subject was brought by rrof. Johnson before the Board 
of Navy Commissioners in 1841 ; subsequently, experiments were 
made by him under direction of the Navy Department, the results 
of which, as exhibited in the following Table, were published in 
the Senate Public Documents, {I) ^th Congress, 2d Session, 
p. 641- Dec. 3, 1844. 

Table of the effects of Thermo-tension on the Tenacity and 
Elongation of Wrought Iron. 



urd or uox. 


Strength 
of cola. 


Strongth af- 
ter treating 
with Ther- 
mo-tension. 


Gain of 
length. 


Gakiof 
strength by 
the treat- 
ment. 


Total gain 
of value. 


Tredegar, No. 1, round iron 

Do. do. 
Tredegar, square bar iron 
Tredegar, No. 3, round iron 
Salisbury, round, (Ames'} 

Mean, 


60 
60 
60 
68 
106.87 


71.4 
72.0 
67.3 
68.4 
121.0 


6.51 

6.61 

6.77 

6.263 

3.73 


19.00 
20.00 
12.00 
17.93 
14.29 


26.61 
26.61 
18.77 
23.19 
16.02 


— 


— 


6.76 


16.64 


22.40 



Prof. Johnson in his letter remarks : " It will be observed that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400**, whereas the best effects of the pro- 
cess have generally been obtained heretofore when the heat has 
been as high as 575"." 

332. Resistance of Iron Wire to Impact. The following Ta- 
ble of experiments gives the results obtaine: by Mr. Hodgkinson, 
by suspending an iron ball at the end of a wjre, (diameter No. 17,) 
and letting another iron ball impinge upon it from different alti- 
tudes. The suspended and impmgii)g balls had holes drilled 
through them, through which the wire passed. A disc of lead 
was jpaced on the suspended ball to receive the blow, and lesser 
the recoil frona elasticity. 
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Tablb. 



-Sf' 


Weiftaaf 

■tnkinf btiL 


Weifbt of 
btiludlMd. 




vitbiwttfaU. 


1.-.. 


ft. in. 
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iB 


5 14 


9 
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«"o 


10 1 


7. 


k' 


' 






— 


(repeated with ftesh wire,} 6. 
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8, a.. 9, 4 10, 104. 
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.. 


44 


7 
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— 


.« 
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80 


04 
11 


or imiMiet, and it 
IcnjriifirrrMhwtn 


— 


— 
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8, 8i. 9. 94. 10, 


104 


wen not lucd by a 


» 


40 


10 1 


3, 4 Inches, 


5 inches 


rtMrv* at tlia top. 


.. 




80 8 


S. 3, 4, 5.0 Inches, 


7 do. 




— 


— 


80 


4, 5 Inches, 


do. 


Broke one hich 


S4 8 


85 


44 


S Inches, 


3 do. 


flomtop. 



The following observations are made by Mr. Hodgkinson: 
** To ascertain the strength and extensibility of this wire, it was 
broken in a very^carefiil experiment with 252^ lbs., suspended 
at its lower end, and laid gradually on. And to obtain the incre- 
ment of a portion of the wire (length 24 ft. 8 in.) when loaded by 
a certain weight, it had 139 lbs. hung at the bottom, and when 
89 lbs. were taken o£f the load, the wire decreased in length .39 
inch. ^ 

" Should it be suggested that the wire by being frequently im- 
pinged upon would perhaps be much weakened, me author would 
beg to refer to a paper of his on Chain Bridges, Manchester Afe- 
moirs, 2d series, vol. 5, where it is shown tliat an iron wire broken 
by pressure several times in succession is very little weakened, 
and will nearly bear the same weight as at first." 

" The first of the preceding experiments on wires are the only 
ones from which the maximum can, with any approach to cer- 
tainty, be inferred ; and we see from them that the wire resisted 
the impulsion with the greatest effect when it was loaded at bot- 
tom with a weight, which, added to that of the striking body, was 
a little more than one third of the weight tliat would break the 
wire by pressure." 

" From these experiments generally, it appears that the wire 
was weak to bear a blow when lightly loaded." 

" These last experiments and remarks, and some of the prece- 
ding ones," (on horizontal impact,) '* show clearly the benefit of 
giving considerable weight to elast'; structures subject to impact 
and vibration." 

333. Resistance to Torsion of Wrought and Cast Iron. The 
following Table exhibits the results of experiments made by 
Mr. Dunlop, at Glasgow, on round bars of wrought iron. The 
twisting weights were applied with an arm of lever 14 feet 2 
inches. 
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Lnfthofban 


Diameter of ban Weight in Ibi. pio- 


iBlBChfli. 


laincbeiu 


dadnc raptara. 


2f 
3} 


2 


260 


2r 


384 


3 


2 


408 


3 


2f 


700 




3 


1170 




3f 


1240 




3| 


1602 




4 


1038 




4* 


2158 



Table of ecmeriments made by Mr. G. Rennie upon Cast and 
Wrought Iron, Weight applied at an arm of lever of 2 feet. 





# 








Length of 


Sine of 


Mean break- 


XATUUIm 


bloelEiio 


sectional 


ing weight 




Inches. 


area. 


in lbs. 








Iba. OS. 


Iron cast horizontally .... 





i 


9 15 


" vertically 











i 


10 10 


" horizontally 

U (1 












7 3 

8 1 


M « 










i 


8 8 


** yertically 

It i( 










i 


10 1 
8 9 


** " 








1 


i 


8 6 


U C( . ^ 








6 


i 


9 12 


^ horizontally 











i 


93 12 


(( (( 











J 


74 


M C( 








10 


52 


Wrought iron, (English) , 











i 


10 2 


(Swedish) .... 





i 


9 8 



334. Strength op Copper. The various uses to which cop- 
per is applied in constructions, render a knowledge of its resist- 
ance under various circumstances a matter of great interest to the 
enmieer. 

Kesistance to Extension. The resistance of cast copper on 
the square inch^ from the experiments of Mr. G. Rennie, is 8.51 
tons, that of wrought copper reduced per hammer at 15.08 tons. 
Copper wire is stated to bear 27.30 tons on the square inch. 
From the experiments made under the direction of the Franklin 
Institute^ already cited, the mean strength of rolled sheet copper 
is stated at 14.35 tons per square inch. 

Resistance to Compression, Mr. Rennie's experiments on 
cubes of one fourth of an inch on the edge, give for the crushing 
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weight of cube oi cast copper 7318 lbs., and of wrought coppei 
6440 lbs. 

335. Effects of Temperature on Tensile Strength. The ex- 
periments alre»ly cited of the Franklin Institute, show that the 
diiference in strength at the lower temperatures, as between 60* 
and 90®, is scarcely greater than what arises from irregularities 
in the structure of the metal at ordinary temperatures. At 550* 
Fahr. copper loses one fourth of its tenacity at ordinary tempera- 
tures, at 817® precisely one half^ and at lOOO" two thirds. 

Representing the results of experiments by a curve of which 
the ordinates represent the temperatures above 32®, and the ab- 
scissas the diminutions of tenacity arising from increase of tern 
perature, the relations between the two will be thus expressed ; 
the squares of the diminutions- are as the cubes of the tempera- 
tures. 

336. Strenoti^ of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per square inch ; and the resist- 
ance to compression of a small cube of | of an inch on an edge 
at 966 lbs. 

In the same experiments, the tenacity of cast lead is stated at 
0.81 tons per square inch ; and the resistance of a small cube of 
same size as in preceding paragraph at 483 lbs. 

In the same experiments, the tenacity of hard gun-metal is 
stated at 16.23 tons ; that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cube of brass the same as before- 
mentioned, is stated at 10304 lbs. 

337. Linear Dilatation of Metals by Heat. The follovrina 
Table is taken from results of experiments on the dilatation of 
solids, by Professor Daniell, published in the Philosophical 
Transactions, 1831. 

Table of Dimensions which a bar takes whose length at 62® 15 
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838. Adhesion of Iron Spikes to Timber. The following 
Tables and results are taken from an article, by Professor 
Walter R. Johnson, published in the Journal of the Franklin 
Institute^ vol. 19, 1837, giving the details of experiments made 
by him on spikes of various forms driven into different kinds of 
timber. 

339. The first series of experiments was made with Burden's 
plain square spike, the flanched, ^ooved, and swell spike, and 
the grooved and swelled spike. The timber was seasoned Jersey 
yellow pine, and seasoned white oak. 

From these experiments it results, that the grooved and swelled 
form is about* 5 per cent, less advantageous than the plain, in yel- 
low pine, and about 18^ per cent, superior to the plain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining plain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave the fol- 
lovnng results. 

For swelled and grooved spikes, the order of retentiveness was, 
1 locust ; 2 white oak ; 3 hemlock ; 4 unseasoned chesnut ; 5 
yellow pine. 

For ffrooved spike witljput swell, the like order is — 1 unsea- 
soned chesnut ; 2 yellow pme ; 3 hemlock. 

The swelled and grooved spike was, in all cases, foimd to be 
inferior to the same spike with the swell filed off. 

341. The third series of experiments gave the following results. 
Thoroughly seasoned oak is twicey and thoroughly seasoned 

locust 2f times as retentive as unseasoned chesnut. 

The forces required to extract spikes are more nearly proper 
tional to the breadths than to either the thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike afforded a gain in retentiveness. 

'' In the softer and more spongy kinds of wood the fibres, in- 
stead of being forced back longitudinally and condensed upon 
chemselves, are, by driving a thick, and especially a rather ob 
nisely-pointed spike, folded m masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
in contact with tfce surface of the metal." 

''Hence it appears to be necessary, in order to obtain the 
greatest effect, tnat the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities tluroughout the whole length of the spike." 

The following is the order of superiority of the spikes firom 
thai of the ratio of their weights and extracting forces respeo 
lively. 

14 
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1. Nanow flat . . 7.049 ntio of weigkt to eztitettng Ibraa 

8. Wide flat . . 6.713 " ** 

3. Grooved but not swelled 5.663 *< '< ^ 

4. Grooved and not notebed 5.300 « «i m 

5. Grooved and awelled . 4.694 u . u •• 

6. Burden's patent . . 4.509 « a a 

7. Square hammered . . 4.129 '* <' *" 

8. Plain cyUodrical . . 3.900 «< «' '< 

** All the es^eriments prove that when a spike is once startei, 
the force required for its final extraction is much less than that 
which produced the first movement.** 

" Wiien a bar of iron is spiked upon wood, if the spike bo 
driven until the bar compresses the wood to a great degree, the 
recoil of the latter may become so ereat as to start back tne spike 
for a short distance after the last blow has been given.** 

842. From the fourth series of experiments it appears, that the 
spike tapering gradually towards the cutting edge, gives better 
results tnan those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; " showing that it would 
be more economical to increase the number rather than the length 
of the spikes for producing a given effect.*' 

" That the absolute retaining power of unseasoned chesnut on 
square or flat spikes of from two to^four inches in length, is a 
little more than 800 lbs. for every squcre inch of their two faces 
which condense longitudinally the fibres of the timber.** 
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MASONRY. 

343. Masonry is the art of raising structures, ixt stone, bricki 
and mortar. 

344. Masonry is classified either from the nature of the mate« 
rial, as stone masonry^ brick masonry j and mixedj or that which 
is composed of stone and brick ; or from the manner in which 
the material is prepared, as cut stone or ashlar masonry ^ rubble 
stone or rough masonry^ and hammered stone masonry; or, 
finally, from tlie form of the material, as regular masonry ^ and 
irregular masonry. 

345. Cut Stone. Masonry of cut stone, when carefully made, 
is stronger and more solid than that of any other class ; but, owing 
to the labor required in dressing, or preparing the stone, it is also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural effect is to be produced by 
the regularity of the masses, or where great strength is indispen- 
sable. 

346. Before explaining the means to be used to obtain the 
greatest strength in cut stone, it will be necessary to give a few 
definitions to render the subject clearer. 

In a wall of masonry, the term /ac0 is usually applied to the 
front of the wall, and the term back to .the inside ; the stone 
which forms the front, is termed the facing ; that of the back, 
the backing; and the interior, iheJUltng. If the front, or back 
of the waU, has a uniform slope from tibe top to the bottom, this 
slope is termed the batter, or oAtir. 

The term course is applied to each horizontal layer of stone 
in the wall : if the stones of each lay^er are of equal thickness 
throughout, it is termed regular coursing; if the viicknesses are 
unequal, the term random, or irregular coursing, is applied. 
The divisions between the stones, in the courses, are termed the 
joints ; tlie upper surface of the stones of each course is also, 
sometimes, termed the bed, or bkOd. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed the bond. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the blocks in each course ; on the accuracy of the 
dressing ; and on the bond used. 

348. The size of the blocks varies with the kind of stone, and 
the nature of the quarry. From some quarries the stone may be 
obtained of any required dimensions ; others, owing to some pe- 
culiarity in the formation of the stone, only furnish bK)cks of amaU 
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size. Again, tie strength of some stones is so great as to admit 
of their being used in blocks of any size, without danger to the 
stability of the structure, arising from their breaking ; others can 
only be used with safety, when the length, breadth, and thickness 
of the block bear certam relations to each other. No fixed rule 
can be laid down on this point : that usually followed by builders, 
is to make, with ordinary stone, the breadtn at least equal to the 
thickness, and seldom neater than twice this dimension, and to 
limit the length to wimin three times the thickness. When the 
breadth or the length is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un- 
equal settling, or unequal pressure should take place. As to the 
absolute dimensions, the thickness is generally not less than one 
foot, nor greater than two ; stones of this thickness, with the rel- 
ative dimensions just laid down, will weigh from 1000 to 8000 
pounds, allowing, on an average, 160 pounds to the cubic foot. 
With these dimensions, therefore, the weight of each block will 
require a very considerable power, both oi machinery and men, 
to set it on its bed. 

349. For the coping and top courses of a wall, the same ob- 
jections do not apply to excess in length : but this excess may, on 
the contrary, prove favorable ; because the number of top joints 
being thus diminished, the mass beneath the coping will be better 
protected, being exposed only at the joints, which cannot be made 
water-tight, owing to the mortar being crushed by the expansion 
of the blocks in warm weather, and, when they contract, being 
washed out by the rain. 

350. The closeness with which the blocks fit is solely depen- 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ; if tliis part of the work is done in a slovenly 
manner, the mass will not only present open joints from any in- 
equality in the settling ; but, from the courses not fitting accurately 
on their beds, the blocks will be liable to crack from the unequal 
pressure on the different points of the block. 

351. The surfaces of one set of joints should, as a prime con- 
dition, be perpendicular to the direction of the pressure : by this 
arrangement, there will be no tendency in any of the blocks to 
slip. In a vertical wall, for example, die pressure being down- 
ward, the surfaces of one set of Joints, which are the beds, must 
be horizontal. ^The surfaces oi the other set must be peroen- 
dicular to these, and, at the same time, perpendicular to the face, 
or to the back of the wall, according to the position of the stones 
in the mass ; two essential points will thus oe attained ; the an- 
gles of the blocks, at the top and bottom of the course, and at» the 
face or back, will be right angles, and the block will therefore be 
as strong as the nature Qf the stone will admit. The principles 
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here applied to a vertical wall, are applicable in all cascb what* 
ener may be the direction of the pressure and the form of the ex- 
terior surfaces, whether piane or curved. 

352. A modification of this principle, however, may in some 
cases be requisite, arising from the strength of the stone. It is 
laid down as a rule, drawn from the experience of builders, that 
no stone work with angles less than 60" will offer sufficient 
strength and durability to resist accidents, and the effects of the 
weather. If, therefore, the batter of a wall should be greater than 
60**, which is about 7 perpendicular to 4 base, the horizontal 
joints (Fig. 6) must not be carried out in the same plane, to the 

Fig. 6— Represents the arnmffeinent of stone with 
atxitting, or elbow joints for very inclined sur* 
faces. 

A, face of the block. 

c. elbow joint. 

b, buttresB block, tenned a newell stone. 



face or back, but be broken off at right angles to it, so as to 
form a small abutting joint of about 4 inches in thickness. As 
the batter of walls is seldom so great as this, except in some cases 
of sustaining walls for the side slopes of earthen embankments, 
this modification in the joints will not often occur; for, in a 
greater batter, it will generally be more economical, and the 
construction will be stronger, to place the stones of the exterior in 
offsets, the exterior stone of one course, being placed within the 
exterior one of the course below it, so as to give the required 

feneral direction of the batter. The arrangement with offsets 
as the farther advantage in its favor of not allowing the rain 
water to lodge in the joint, if the offset be slightly bevelled off. 

853. Workmen, unless narrowly watched, seldom take the pains 
necessary to dress the beds and joints accurately ; on the con- 
trary, to obtain what are termed close joints^ they dress the ioints 





Fiff 7— Represents a section of a wall in which the 
lace is of cnt stone, with the tails of the bkxski 
thinned off, and the >w^^'"g of rubble 
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., section of face block, 
rubble backing. 
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with accuracy a few inches only from the outward surface, and 
tlien chip away the stone towards the back, or tail, (Fig. 7,) so 
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that, when the blocV. is set, it will be in contact with the adjacent 
stones, only through )ut this very small extent of bearing surface. 
This practice is objectionable under every point of view ; for, 
in the fu'st place, it gives an extent of bearing surface, wliich, 
being generally inadequate to resist the pressure thrown on it, 
causes the block to splinter off at the joint ; and in the second 
place, to give the block its proper set, it has to be propped be- 
neath by small bits of stone, or wooden wedges, an operation 
tenned pinning'Up, or under-pinning , and these props, causing 
the pressure on the block to be thrown on a few points of the 
lower surface, instead of being equally difiused over it, expose 
the stone to crack. 

354. When the facing is of cut stone, and the backing of rub- 
ble, the method of thinning off the block may be allowed for the 

Eurpose of forming a better bond between the rubble and ashlar ; 
ut, even in this case, the block should be dressed true on each 
loint, to at least one foot back from the face. If there exists any 
cause, which would give a tendency to an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it will be preferable to leave the tails of some thicker than 
the parts which are dressed. 

355. Various methods are used by builders for the bond of cut 
stone. The system, termed headers and stretchers, in which the 
vertical joints of the blocks of each course alternate with the ver- 
tical joints of the courses above and below it, or as it is termed 
break jointsvnih them, is the most simple, and offers, in most cases, 
all requisite solidity. In this system, (Fig. 8,) the blocks of each 
course are laid alternately with their greatest and least dimensions 
to the face of the wall ; those which present the longest dimen- 

A B 

XT ?" 



nz] 



n 



III 






a 


;v-«A- 


■:|^ 




. 1 


1 


;"V,.r; 



H 



^ 






Fig. 8— RepiMentB an elevation A. end view 
B, and plan CL of a wail airanged aa head- 
era and streleoMB. 

a, stretchen. 

ft, headers. 



Kion along the face, are termed stretchers ; the others, headers 
If the header reaches from the face to the back of the wall, it is 
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termed a through; if it only reaches paxt of tke distance, it it 
tenned a binder. The vertical joints of one course are either 
just o\er the middle of the blocks of the next course below, or 
else, at least four inches on one side or the other of the vertica' 
joints of that course ; and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If .the backing is of rubble, and the facing of cut stone, a 
r\m of throughs or binders, similar to what has just been ex- 
ed, must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected; and, if any unequal setUing 
takes place, the vertical joints cannot open, as would be the case 
were they in a continued Kne from the top to the bottom of die 
mass ; as each block of one course confines the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of which Ught-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require to be not only very 
firmly united with each other, but also with the courses above 
and below them. To effect this, various means have been used. 
The beds of one course are sometimes arranged with projections 
(Fig. 9,) which fit into corresponding indentations of tne next 
course. Iron cramps in the form of me letter's, or in any other 
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Fig. 9— Reproflento 
an elevation A, 
plan B, «nd per- 
spective «^iewB O 
and D of two of 
the blocla»of a wall 
in which the blocki 
are fitted with in- 
dents, and connect- 
ed with bolts and 
cramps of metal. 



shape that will answer the purpose of giving them a firm hold on 
the blocks, are let into the top of two blocks of the same course 
at a vertical joint, and are ftrmly set with melted lead, or with 
bolts, so as to confine the two blocks together. Holes are, in 
some cases, drilled through several courses, and the blocks of 
these courses are connected by strong iron bolts fitted to the 
holes. 

The most noted examples of these methods of strencthening 
tbe bond of cut stone, are to be found in the works of the Komans 
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which have been preserved to our time, and in iwo celebrated 
modem structures, the Eddy-stone and Bell-rock Ught-houses ii> 
Great Britain. (Fig. 10.) 



Fiff. 10— Represents the manner of amnging stoDei 
of the same coune by dove-tail joints and joggliniu 
taken from a horizontal section of the masonry of 
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the Bell-rock light-house. 



357. The manner of dressing stone belongs to the stonecutter's 
art, but the engineer should not be inattentive either to the accu- 
racy with which the dressing is performed, or the means employed 
to effect it. The tools chiefly used by the workman are the 
chisel, axe, and hammer for knotting. The usual manner of dress- 
ing a surface, is to cut draughts around and across the stone with 
the chisel, and then to use the chisel, the axe with a serrated edge, 
or the knotting hammer, to work down the intermediate portions 
into the same surface with the draughts. In performing this last 
operation, the chisel and axe should alone be used for soft stones, 
as the grooves on the surface of the hammer are liable to become 
choked by a soft material, and the stone may in consequence be 
materially injured by the repeated blows of the workman. In 
hard stones tnis need not be apprehended. 

In large blocks which require to be raised by machinery, a 
hole, of the shape of an inverted truncated wedge, is cut to receive 



Fig. 11— Represents a perspectiTV 
▼iew A of a block of stone with 
draughts around the ed^cs of its 
faces, and the intermediate space 
axeil, or knotted, and its tackling 
for hoisting: also the oonunoB 
iron lewis B with its tackling. 

a, draughts around edge of block. 

bf knotted part between draughts. 

e, iron bolts with eyes let into oblkius 
holes cut in the block. 

d and e, chain and rope tackling. 

ft, n, side pieces of the lewis. 

0, centre piece of lewis with eyt 
fastened to n, n by a bolt 

p, iron ring for attaching tackling. 



a small iron instrument termed a lewis, (Fig. 11,) to which the 
rope is attached for suspending the block ^ or else two holes arc 
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cut obliqueljT into the block to receive bolts with eyes for the 
same purpose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done by placing 
the block on its bed, and seeing that the joints fit close, and the 
face is in its proper plane. If it be found that the fit is not accu* 
'^te, the inaccuracies are marked, and the requisite changes made. 
The bed of the course, on which the block is to be laid, is then 
ihoroughly cleansed from dust, &c., and well moistened, a bed 
of thin mortar is laid evenly over it, and the block, the lower sur- 
face of which is first cleansed and moistened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet. 
When the block is laid against another of the same course, the 
joint between them is prepared with mortar in the same manner 
ns the bed. 

358. Rubble Stone Masonry. With good mortar, rubble 
work, when carefully executed, possesses all the strength and 
durability required in structures of an ordinary character ; and it 
is much less expensive than cut stone. 

359. The stone used for this work should be prepared simply 
by knocking off all the sharp, weak angles of the block ; it is then 
cleansed from dust, &c., and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quantity of gocxl ordinary-tempered mortar, into, 
which the stone is firmly imbedded. The interstices between the- 
larger masses of stone are filled in, by thrusting small fragments, 
or chippings of stone, into the mortar. Finally, the whole course 
may be carefully grouted before another is commenced, in order- 
to fill up any voids left between the full mortar and stone. 

360. To connect the parts well together, and to strengthen the 
weak points, throughs or binders should be used in all the courses ; 
and the angles should be constructed of cut or hammered stone.. 
In heavy walls of rubble masonry, the precaution, moreover, 
should be observed, to lay the stones on their quarry-bed ; that 
is, to give them the same position, in the mass of masonry, that 
they had in the quarry ; as stone is found to offer more resistance 
to pressure in a direction perpendicular to the onarry-bed, than 
in any other. The directions of the lamina in stratified stones, 
show the position of the quarry-bed. 

361. Hammered stone, or dressed rubble, is stone roughly 
fasliioned into regular masses with the hammer. The same pre 
cautions must be taken in laying this kind of masonry, as in the* 
two preceding. 

362. Brick Masonry. With good brick and mortar, this ma 
sonry offers great strength and durabiUty, arising firom the stiong 
adhesion between the mortar and brick. 

15 
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363. The b<»nd used in brick work is very various, depending 
on the character of the structure- The most usual kinds are 
juiown as the English and Flemish. The fkst consists in ar- 
ranging tlie courses alternately^ entirely as headers or stretchers, 
the bricks through the course breaking joints. la the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to give a stronger bond than the last, the bricks of 
which, owing to the difficulty of preventing continuous joints, 
either in the same or different course«, are liable to separate, 
causing the face or the back to bulge outward. The Iiemish 
bond presents the finer architectural aj)pearance, and k therefore 
preferred for the fronts of edifices. 

364. Timber and iron have both been used to strengthen the 
bond of brick masonry. Among the most remarkable exampleF 
of tlieir uses are the well, faced in brick, forming an entrance lo 
the Thames Tunnel, the celebrated work of Mr. Brunei, and his 
experimental arch of brick, a description of which is given in the 
Civil Engineer and Architects Journal^ No. 6, vol. I. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throughout their length. The efficacy of this method 
has been farther fully tested by Mr. Brunei, in experiments made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a like 
kind, are given by Colonel Pasley in his work on Limes ^ Galea* 
reous Cements, &c. 

365. The mortar-bed of brick, may be either of ordinary, or 
thin-tempered mortar ; the last, however, is the best, as it makes 
closer joints, and, containing more water, does not dry so rapidly 
as the other. As brick has great avidity for water, it would al- 
ways be well not only to moisten it before laying it, but to allow 
it to soak in water several hours before it is used. By taking 
this precaution, the mortar between the joints will set more firmly 
than when it imparts its water to the dry brick, which it frequently 
does so rapidly as to render the mortar pulverulent when it has 
dried. 

FOUNDATIONS. 

366. The term foundation is used indifferently either for the 
lower courses of a structure of masonry, or for the artificial 
arrangement, of whatever character it may be, on which these 
courses rest. For more perspicuity, tlie term bed of the founda- 
tion will be used in tliis work when the latter is designated. 

367. The strength and durability of structures of masonry de- 
pend essentially ufon the bed of the foundation. In arranging 
tlus, regard must be had not only to the permanent efforts which 
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Ihe bed nay have to tuppoit, but to those Df an accicental cha* 
racter. It should, in all cases, be placed so far below the surface 
of the soil on which it rests, that it will not be liable to be un« 
covered, or exposed ; and its surface should not only be normal 
to the resultant of the efforts which it sustains, but tnis resultant 
should intersect the base of the bed so &r within it, that the por* 
tion of the soil between this point of intersection and the outwaid 
edge of the base shall be broad enough to prevent its yielding 
from the pressure thrown on it. 

d68. The first preparatory step to be taken, in determining the 
kind of bed requnred, is to ascertain the nature of the subsoil on 
which the structure is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ; but where the suosoil is composed 
of various strata, and the structure demands extraordinary pre- 
caution, borings must be made with the tools usually employed 
for this purpose. 

369. With respect to foundations, soils are usually divided 
into three classes : 

The 1st class consists of soils which are incompressible, or, at 
least, so slightly compressible, as not to affect the stability of the 
heaviest masses laid upon them, and which, at the same time, do 
not yield in a lateral direction. Solid rock, some tufas, compact 
stony soils, hard clay which yields only to the pick, or to blast- 
ing, belong to this class. 

The 2d class consists of soils which are incompressible, but 
require to be confined laterally, to prevent them from spreading 
out Pure gravel and sand belong to this class. 

The 3d class consists of all the varieties of compressible soils ; 
under which head may be arranged ordinary cky, the common 
earths, and marshy soils. Some of this class we ^und in a more 
or less compact state, and are compressible only to a certain ex- 
tent, as most of the varieties of clay and common earth ; others 
are found in an almost fluid state, and yield, with facility, in every 
direction. 

370. To prepare the bed for a foundation on rock, the thick- 
ness of the stratum of rock should first be ascertained, if there are 
any doubts respecting it : and if there is any reason to suppose 
that the stratum has not sufficient strength to bear the weight of 
the structure, it should be tested by a trial weight, at least twice 
as great as the one it will have to bear permanently. The rock 
is next properly prepared to receive the foundation courses, by 
levelling its sumce, which is effected by breaking down all pro- 
ectinff points, and filling up cavities, either with rubble masonry 
or witn beton , and by carefully removing any portions of the up 
per stratum which present indications of having been injured by 
*he weatl^er. The surface, prepared in this manner, should, more 
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over, be perpendicular to the direction of the pressure ; if this it 
vertical, the surface should be horizontal, and so for any othei 
direction of the pressure. Should there, however, be any diffi- 
culty in so arranging the surface as to have it normal to trie re- 
sultant of the pressure, it may receive a position such that one 
component of tlie resultant shall be perpendicular to it, and the 
other parallel ; the latter bein^ counteracted by the friclion and 
adhesion between the base of the bed and the surface of the rock. 
If, owing to a great declivity of the surface, the whole cannot be 
brought to the same level, the rock must be broken into steps, in 
order that the bottom courses of the foundation throughout, may 
rest on a surface perpendicular to the direction of the pressure. 
If fissures or cavities are met with, of so great an extent as to 
render the filling them with masonry too expensive, an arch must 
tlien be formed, resting on the two sides of the fissure, to support 
that part of the structure above it. 

The slaty rocks require most care in preparing them to receive 
a foundation, as their top stratum will generally be found injured 
to a greater or less depth by the action of frost 

371. In stony eartns and hard clay, the bed is prepared by 
digging a Irencn wide enough to receive the foundation, and deep 
enough to reach the compact soil which has not been injured by 
the action of frost : a trench firom 4 to 6 feet, will generally be 
deep enough for this purpose. 

372. In compact gravel, and sand,, where there is no liability 
to lateral yieldmg, either from the action of rain or any other 
cause, the bed may be prepared as in the case of stony earths. 
If there is danger from lateral yielding, the part on which the 
foundation is to rest must be secured by confining it laterally by 
means of sheeting piles, or in any other way that will offer suffi- 
cient security. 

373. In laying foundations on firm sand, a further precaution 
is Sometimes resorted to, of placing a platform on the bottom of 
the trench, for the purpose of distributing the whole weight more 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are well settled in their bed, 
tliere is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wool of the 
platform should, by any accident, give way, it would leave a part 
of the foundation without any support 

When the sand under the bed is liable to injury from springs 
they must be cut off, and a platform, or, still better, an area of 
beton should compose the bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
tl:e bed. 

374. If, in opening -. trench in sand« water is found at a slight 
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iepdi, and in such quantity as to impede the labors of the work* 
men, and the trench cannot be kept dry by the use of pumps oi 
scoops, a row of sheeting piles must be driven on eacn side of 
the space occupied by it, somewhat below the bottom of the bed» 
the sand on the outside of the sheeting piles 'be thrown out, and 
its place fiUed with a puddlinff of clay, to form a water-tight en- 
closure round the trench. Tne excavation for the bed is then 
commenc'id ; but if it be found that the water still makes rapidly 
at the bo'tom, only a small portion of the trench must be opened, 
and after ^he lower courses are laid in this portion, the excavation 
will be g ^dually effected, as fast as the workmen can execute 
the work without diflSculty from the water. 

375. I'h*' beds of foundations in compressible soils require pe- 
cuhar care n^rticularly when the soil is not homogeneous, pre- 
senting mor<i v^sistance to pressure in one point than in another ; 
for, in that c^t \ n will be very difficult to guard against unequal 
settling. 

376. In ordir-x -' ^lay, or earth, a trench is dug of the proper 
width, and deep eno'v« to reach a stratum, beyond the action of 
frost ; the bottom of i^c trench is then levelled off to receive the 
foundation. This mav So laid immediately on the bottom, or 
else upon a grillage an^ f^a^orm. In the first case, the stones 
forming the lowest cour»6^ should be firmly settled in their 
beds, by ramming them vnth a ^ery heavy beetle. In the second 
a timber grating, termed a iji'*Un<yo (Fig. 12,) which is formed 
of a course of heavy beams laid l'*ugthwise in the trench, and 
connected firmly by cross pieces into which they are notched, is 
firmly settled in the bed, and the earth i-* solidly packed between 
the longitudinal and cross pieces ; a flooring of thick planks, 
termed a platform, is then laid on tne ^^ili£ce, to receive the 
lowest course of the foundation. The object c the grillage, and 




Fig;. 13— Repfesents the airangerMi 

platfonn fitted on pilei. 
A, masoiuT. 
aa^ piles. 
6, string pieces, 
c, cross pieces, 
a, cappmg piece, 
e, platfonn of piaDL 



platform, is to diffuse the weight more uniformly onto, 
face of the trench, to prevent any part from yielding. 
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377. Repeated failures in grillages and platfonns, arising eithei 
from the compression of the woody fibre, or from a transversa] 
strain occasioned by the subsoil offering an unequal resistance, 
have impaired confidence in their efficacy. Engineers now pre 
fer beds formed of an area oi beton, as offering more security than 
any bed of timber, either in a uniformly, or unequally compressi- 
ble soil. 

378. The preparation of an area of beton for the bed of a 
foundation, will depend on the circumstances of the case. In 
ordinary cases the oeton is thrown into the trench, and carefully 
rammed in layers of 6 or 9 inches, imtil the mortar collects in a 
semi-fluid state on the top of the layer. If the base of the bed is 
to be broader than the top, its sides must be confined by boards 
suitably arranged for this purpose. Whenever a layer is left in- 
complete at one end, and another is laid upon it, an offset should 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more firmly when the work on the unfinished part 
is resumed. 

Considerable economy may be effected, in the quantity of be- 
ton required for the bed, by using lar^ blocks of stone which 
should be so distributed throughout the layer, that the beetle will 
meet with no difficulty in settling the beton between and around 
the blocks. 

When springs rise throuffh the soil over which the beton is to 
be spread, the water from tnem must either be conveyed off by 
artificial channels, which will prevent it rising througu the mass 
of beton and washing out the lime ; or else strong cloth, prepared 
so as to be impermeable to water, may be laid over the siirface 
of the soil to receive the bed of beton. 

The artificial channels for conveying off the water may be 
formed either of stone blocks \srith semi-cylindrical channels cut 
in ihem, or of semi-cyUnders of iron, or tiles, as may be most 
convenient. A sufficient number of these channels should be 
formed to give an outlet to the water as fast as it rises. 

An impermeable cloth may be formed of stout canvass, pre- 
pared with bituminous pitch and a drying oil. It is well to have 
the cloth doubled on each side with ordinary canvass to prevent 
accidents. The manner of settling the cloth on the sunace of 
the soil must depend on the circumstances of the case. 

Each of the foregoing expedients for preventing the action of 
springs on an area of beton, nas been tried with success. When 
artificial channels are used, they may be completely choked sub- 
seq\iently, by injecting into them a semi-fluid hydrauUc cement, 
and the action of the springs be thus destroyed. 

Foundation beds of oeton are frequently made without exhaust- 
ing the water from the area on which thoy are laid. For this 
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purpose the beton is thrown in layers over the area, by using 
either a wooden conduit reaching nearly to the position of the 
layer, or else by placing the beton (Fig 13) in a box by which it 
is lowered to the position of the layer, and from whicn it is de« 
posited so as not to permit the water to separate the lime from 
Ihe other ingredients. 





fig. 13— Repre00nts an end 
view A of a semi-Ksylindri- 
cal box for lowering beton 
in water, and B the nme 
view of the box when open- 
ed to let the beton faU 
through. 

0, hinge around which the 
halves of the box open. 

a, rope tackling for lowering 
box. 

6, pin, or catch to faiton the 
two Darts of the box. 

c, cord to detach the pin and 
open the box. 



Should it be found that springs boil up at the bottom, it must 
be covered with an impermeable cloth. 

379. In marshy soils, the principal dif&culty consists in form- 
mg a bed sufficiently firm to give stability to the structure, owing 
to the yielding nature of the soil in all directions. 

The following are some of the dispositions that have been tried 
with success in this case. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil as 
close together as they can be crowded, over an area considerably 
greater than that which the structure is to occupy. The heads 
of the piles are accurately brouffht to a level to receive a grillage 
and platform ; or else a layer of clay, from 4 to 6 feet thick, is 
laid over the area thus prepared with piles, and is either solidly 
rammed in layers of a foot thick, or submitted to a very heavy 
pressure for some time before commencing the foundations. The 
object of preparing the bed in this manner, is to give the up- 
per stratum of the soil all the firmness possible, by subjecting 
It to a strong compression from the piles ; and when this has 
been effected, to procure a firm bed for the lowest course of the 
foundation by the grillage, or clay bed; by these means the 
whole pressure will oe uniformly distributed throughout the en- 
tire area. This case s also one in which a bed of beton would 
replace, with great advantage, either the one of clay, or the 
gnllage. 

The purposes to which the short piles are appUed in this case 
is different from the object to be attained usually in ihe employ 
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ment of piles for foundations ; which is to transmit the weight of 
the structure that rests on the piles, to a firm incompressible soil, 
overlaid by a compressible one, that does not oner sufficient 
firmness for the bed of the foundation. 

380. When a firm soil is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afford. 

To prepare the bed to receive the foundations in this case, 
strong piles are driven at equal distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until ihey meet with a firm stratum below the compressible one, 
which oners sufficient resistance to prevent them from penetra- 
ting farther. 

381. Piles are generally from 9 to 18 inches in diameter, with 
a length not above 20 times the diameter, in order that they may 
not bend under the stroke of the ram. They are prepared for 
driving, by stripping them of their bark, and paring down the 
knots, so that tne friction, in driving, may be reduced as much as 

Eossible. The head of the pile is usually encircled by a strong 
oop of wrought iron, to prevent the pile from being split by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetrating the soil may be 
cast around a wrought-iron bolt, by means of wmch it is fastened 
to tlie pile. 



Fig. 14~Repreeent8 a Boetioo through the axis of « caat-iron ahoe ttiiii 
wrought-iroa bolt for a pile 



382. A machine, termed a pile engine, is used for drivinff 
piles. It consists essentially of two uprights firmly connectea 
at top by a cross piece, and of a ram, or monkey of cast iron, for 
driving the pile by a force of percussion. Two kinds of en- 
gines are in use ; the one termed a crab engine^ from the ma- 
chinery used to hoist the ram to the height from which it is to 
fall on the pile ; the other the ringing engine, from the monkey 
being raised by the sudden pull of several men upon a rope, 
by which the ram is drawn up a few feet to descend on the 
pile. 

The crab engine is by far the more powerful machine, but on 
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this account is inapplicable in some cases, as in ttie driying of 
cast-iron piles, where the force of the blow might destroy th« 
pile ; also in long slender piles it may cause the pile to spring sa 
much as to prevent it from entering the subsoil. 

The manner of driving piles, and the extent to which they may 
be forced into the subsoU, will depend on local circumstances. It 
sometimes happens that a heairy blow will effect less than several 
sUghter blows, and that piles alter an interval between successive 
ToUeys of blows, can with difficulty be started at first. In some 
cases the pile breaks below the surface, and continues to yield to 
the blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

f'lneer. Piles should be driven to an unyielding subsoil. The 
rench civil engineers have, however, adopted a rule to stop 
the driving when the pile has arrived at its absolute stoppage, 
this being measured by the farther penetration into the subsoil 
of about /yths of an inch, caused by a volley of thirty blows 
from a ram of 800 lbs., falling from a height Qf 5 feet at each 
blow. 

383. If the head of a pile has to be driven below the level to 
which the ram descends, another pile, termed a punchy is used 
for the purpose. A cast-iron socket of a suitable form embraces 
the head of the pile and the foot of the punch, and the effect of 
the blow is thus transmitted through the punch to the pile. 

384. When a pile from breaking, or any other cause, has to be 
drawn out, it is done by using a long beam as a lever for the pur- 
pose ; the pile being attached to the lever by a chain, or rope 
suitably adjusted. 

385. The number of piles required, will be regulated by the 
weight of the structure. An allowance of 1000 poimds on each 
souare inch will ensure safety. The least distance apart, at 
wnich the piles can be driven with ease, is about 2^ feet between 
their centres. If they are more crowded than this, they may 
force each other up, as they are successively driven. When this 
is found to take place, the driving should be commenced at the 
centre of the 4 rea, and the pile should be driven with the butt end 
downward. 

386. From e^eriments carefully made in France, it appears 
that piles which resist only in virtue of the friction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions will safely support when driven into a firm soil. 

387. After the piles are driven, they are sawed off to a level, 
to receive a grillage and platform for the foundation. A large 
beam, tenned a capping, is first placed on the heads of the out- 
si ie row of piles, to which it is fastened by means of wooden 

16 



122 MASONRY. 

pins, or tree-naM driven into an auger-hole, made through the 
cap into the head of each pile. After the cap is fitted, longitudi 
nal beams, termed string pieces, are laid lengthwise on the heads 
of each row, and rest at each extremity on the cap, to which they 
are fastened by a dove-tail joint and a wooden pin. Another series 
of beams, termed cross pieces, are laid crosswise on the string 
pieces, over the heads ot each row of piles. The cross and string 
pieces are connected by a notch cut into each, so that, when put 
together, their upper surfaces may be on the same level, and they 
are fastened to tne heads of the piles in the same manner as the 
capping. The extremities of the cross pieces rest on the capping, 
and are connected with it, like the string pieces. 

The platform is of liiick planks lam over the grillage, with 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
nails. 

The capping is usually thicker than the cross and string pieces 
by the thickness of the plank ; when this is the case, a rabate, 
aoout four inches wide, must be made on'the inner edge of the 
capping, to receive the ends of the planks. 

388. An objection is made to the platform as a bed for the 
foundation, owing to the want of adhesion between wood and 
mortar ; from which, if any unequal settling should take place, 
the foimdations would be exposea to sUde on the platform. To 
obviate this, it has been proposed to replace the grillage and plat- 
form by a layer of beton resting partly on the heads of the piles, 
and partly on the soil between them. This means would furnish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. 

To counteract any tendency to sliding, the platform may be 
inclined if there is a lateral pressure, as m the case, for exeimple, 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 
a stratum of clay on the surface, underlaid with soft mud, in 
which case, the driving of short piles would be injurious, as the 
tenacity of the stratum of clay would be destroyed by the oper- 
ation. It would be better not to disturb the upper stratum 
in this case, but to give it as much firmness as possible, by 
ramming it with a heavy beetle, or by submitting it to a heavy 
pressure. 

390. Piles and sheeting piles of cast iron have been used with 
complete success in England, both for the ordinary purposes of 
cofferdams, and for permanent structures for wharfing. The 

Eiles have been cast of a variety of forms ; in some cases they 
ave been cast hollow for the purpose of excavating the sou 
within the pile as it was driven, and thus facilitate its peuetratioa 
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iBto the subsoil. Fig. 15 represents a cross section of one of the 
more recent arrangements of iron piles and sheeting piles. 




Fig. IS-Repnsenti a horiMiital teetkn of an mnangan^ 

nilefl of cast iioii. 
a, sheeting pile with a lap e to oover the joint between it and the next dieeting 

pile, ^ . , 

6,pileBwlthalaponeachmde. ^ ^ ^, ^, ^.^ 
e. sheeting pile lapped l^ pile and sheeting pile next it 
tf, ribs of piles and sheeting piles. 

391. Sand has also been used with advantage to form a bed 
for foundations in a very compressible soil. For this purpose 
a trench is (Fig. 16) excavated, and filled with sand ; the sand 
being spread in layers of about 9 inches, and each layer being 
firmly settled by a neayy beetle, before laying the next If water 




dat 



15— Represents a section of a sand foun- 
[ation bed and the masonry upon it. 

A, sand bed in a trench. 

B, masonry. 



should make rapidly in the trench, it would not be practicable tc 
pack the sand in layers. Instead, therefore, of opening a trench. 




Fig. 17— Re p resents a seotion of a foun- 
dation bed made by filling holes with 



A, holes filled with sand. 

B, masoDiy. 



fades about 6 feet deep, and 6 inches in diameter, (Fig. 17,> 
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should be made, by means of a short pile, as close together tf 
practicable ; when the pile is withdrawn from the hole, it is im- 
mediately filled with sa:.d. To cause :he sand to pack firmly, it 
should be slightly moistened before placing it in the holes, or 
trench. 

Sand, when used in this way, possesses the valuable property 
of assuming a new position of equilibrium and stability, should 
the soil on which it is laid yield at any of its points. Not only 
does this take place along the base of the sand bed, but also along 
the edges, or sides, when these are enclosed by the sides of the 
trench made to receive the bed. This last point offers also some 
additional security against yielding in a lateral direction. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
the pressure on its upper surface to be distributed over the entire 
base. 

392. When, from the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
may be counteracted, either by scooping out the soil to some depth 
around the bed and replacing it by anothd)* of a more compact 
nature, well rammed m layers, or with any rubbish of a solid 
character ; or else a mass of loose stone may be placed over the 
surface exterior to the bed, whenever the character of the struc- 
ture will warrant the expense. 

393. Precautions against Lateral Yielding. The soils which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upward around the structure laid upon them. Where this action 
arises from the effect of a vertical weight, uniformly distributed 
over the base of the bed, the preceding methods for giving per- 
manent stabiUty to structure, present all requisite security. But 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. This expedient is, however, 
only of service where the pies attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yielding soil in contact with them. 
But where they are driven into a fmn soil below, they gain a 
fixed point of resistance, and the only insecurity they oner is 
either by the rupture of the pUes, from the cross strain upon 
them, or from the yielding of the firm subsoil, firom the same 
cause 
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In case the piles reach a firm subsoil, it \iil be oest to scoop 
out tlie upper yielding soil before driving the piles, and to fill in 
between and around them with loose broken stone, (Fig. 18.| 
This will give the piles greater stiffness, and effectually prexd^'. 
them from spreading at top. 




Fig. 18— RepresentB the manner of wing 
looBe lUme to siutain. piles and prevent 
them from yielding laterally. 

A, section of the masonry. 

B, loose stone thrown around the piles a 



Wlien the piles cannot be secured 1w attaining a firm subsa 
:t will be better to drive them around the area at some distance 
from the bed, and, as a farther precaution, to place horizontal 
buttresses of masonry at regular intervals from the bed to the 

Eiles. By this arrangement, some additional security is gained 
om the counter-pressure of the soil enclosed between the bed 
and the wall of piles. But it is obvious that unless the piles in 
this case are driven into a firmer soil than that on which the struc- 
lure rests, there will still be danger of yielding. 

In using horizontal buttresses, the stone of which they are con- 
structed should be dressed with care ; their extremities near the 
wall of piles should be connected by horizontal arches, (Fig. 19,) 
to distribute the pressure more uniformly ; and where there is an 
upward pressure of the soil around the structure, arising from its 
weight, the buttresses ought to be in the form of reversed arches. 

In buttresses of this kind, as Ukewise in broad areas resting on 
a very yielding soil, since as much danger is to be apprehended 
from their breaking by their own weight as from any otner cause, 
it must be carefully guarded against. Something may be done 
for this purpose by ramming the earth around the structure with 
a heavy beetle, when it can be made more compact by this means ; 
fwr else a part of the upper soil may be removfti, and be replaced 
by one of a more compact nature which n ly be rammed in 
layers 
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Fig. 1»— RepreseotB the mmoner of pr»* 
venting a sustaming wull from yifilding 
laterally to a thrust behind it, by using 
horizontal buttfeaBee of reversed archei 
abutting against vertical counter arches. 

A, vertical section of wall, bnttresMs, and 
counter arches. 

B, plan of walU buttresses, and counter 
arches. 

a, plan of walL 

b, section of do 

c, buttresses. 

(f , counter arcfaML 



The following methods, where they can be resorted to, and 
where the character of the structure will justify the expense, have 
been found to oflfer the best security in the case in question. 

When the bed can be buttressed in front with an embankment, 
a low counter-wall (Fig. 20) may be built parallel to the edce of 
the bed, and some 10 or 12 feet from it ; between this wall and 
the bed a reversed arch connecting the two may be built, and a 
surcharge of earth of a compact charicter and well rammed, may 
be placed against the counter wall to act by its counter pressure 
agamst the Literal pressure upon the lied. 

'"'y' Fig. 20— Represents the man- 
ner of buttressinff a sustain^ 
r- ing wall in front by the ac- 

/ "^ *^®° ®^ * counter pressure of 

; ■ -0: earth transmitted to the wall 

by a revened arch. 
a, section of sustaining wall. 
6, siction of sustaining wall 

of erabaninnent d, 
c, section of reversed arch, 
a, section of embankment 
from which coimter pressure 
comes. 
«, section of embankment be* 
^^ liind sustaining wall. 

When the bed cannot be buttressed in front, as in quay walls, 
a grillage and platform supported on piles (Fig. 21) may be built 
to the rear from the back of the wall, for the piurpose of support- 
ing the embanknoent against the back of the wall, and preventing 
the eflfect which its pressure on the subsoil might have in thrust- 
ing forward the bed of the foundation. 

Ill addition to these means, land ties of iron will give great ad 
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ditional secunty, when a fixed point in rear cf the wall can ha 
found to attach them firmly. 



—■^z 







Fix. 21— Represents the manner of re* 
lieyinff a sustaining wall from the 
lateral action eaused by the pressure 
of an embankment on the suoooil by 
means of a phdform built behind the 
wall. 

A, section of the wall. 

B, section of emt»nkment. 

a, piles supporting the grillage and pfait- 

rorm of A. 
h, loose stone forming a firm bed im* 

der the plailbrms. 
c, j^iles supporting the platfonn d be* 

hind the wmll 



394. Foundations in Water. In laying foundations in water, 
two difficulties have to be overcome, both of which require great 
resources and care on the part of the engineer. The fir^t is found 
in the means to be used in preparing the bed of the foundation ; 
and the second, in securing the bed from Uie action of the water, 
to ensure the safety of the foundations. The last is, generally, 
the more difficult problem of the two ; for a current of water will 
gradually wear away, not only every variety of loose soils, hut 
also the more tender rocks, such as most varieties of sand-stone, 
and the calcareous and argillaceous rocks, particularly when they 
are stratified, or are of a loose texture. 

395. To prepare the bed of a foundation in stagnant water, 
the only difficulty that presents itself is to exclude the water from 
the area on which the structure is to rest. If the depth of water 
is not over 4 feet, this is done by surrounding the area with an 
ordinary water-tight dam of clay, or of some other binding earth. 
For this purpose, a shallow trench is fonned around the area, by 
removing the soft, or loose stratum on tlie bottom ; the foundation 
of the dam is commenced by filhng this trench with the clay, and 
the dam is made by spreading successive layers of clay about one 
foot thick, and pressing each hyer as it is spread, to render it 
more compact. When the dam s completed, the water is pumped 
out from me enclosed area, and Jie bed for the foundation is pre- 
pared as on dry land. 

396. When the depth of stagnant water is over 4 feet, and in 
running water, of any depth, the ordinary dam must be replaced 
by the coffer-dam. This construction consists of two i!0ws of 
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plank, termed sheeting piles, driven into the soil vertically, form- 
ing thus a coffer work, between which clay or binding eartli, 
termed the puddling, is filled in, to form a water-tight dam to ex- 
clude the water from the area enclosed. 

The arrangement, construction, and dimensions of coffer dams 
depend on their specific object, the depth of water, and the nature 
of the subsoil on which the coffer-dam rests. 

'With regard to the first point, the width of the dam between 
the sheeting piles should be so regulated as to serve as a scaffold- 
ing for the machinerj^ and materials required about the work. 
This is peculiarly requisite where the coffer-dam encloses an isola- 
ted position removed from the shore. The interior space enclosed 
by tne dam should have the requisite capacity for receiving the 
bed of the foundations, and such materials and machinery as may 
be required within the dam. 

The width, or thickness of the coffer-dam, by which is under- 
stood the distance between the sheeting piles, should be sufficient^ 
not only to be impermeable to water, but to form,, by the weight 
of the puddlinff, in combination with the resistance of the timber 
work, a wall of sufficient strength to resist the horizontal pressure 
of the water on u.e exterior, when the interior space is pumped 
dry. The resistance offered by the weight of the puddling to the 
pressure of the water can be easily calculated ; that offered by 
the timber work will depend upon the manner in which the 
framing is arranged, and the means taken to stay, or buttress the 
dam from the enclosed space. 

The most simple and the ustial construction of a coffer-dam 
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Flip. 29— Represents a sec- 
tion of the ordinary cof- 
fer-dam. 

a, main piles. 

bt wale, or string pieces. 

c. cross pieces. 

a, slieetmg piles. 

e, guide string pieces for 
wiestinj^ piles. 

A, puddling. 

B, interior qpaoe. 



(Fig. 22) consists in driving a row of ordinary straight piles 
around the area to be enclosed, placing their centre lines about 4 
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feet asunder. A second row is driven parallel to the first, the 
respective piles being the same distance apart ; the distance be 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a honzontal beam 
of square timber, termed a string or wale piece, placed a foot or 
two above the highest water line, and notched ana bolted to each 
pile. The string pieces of the inner row of piles is placed on the 
side next to the area enclosed, and those of the outer row on the 
outside. Cross beams of square timber connect the string pieces 
of the two rows, upon which they are notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be thrown on them, and as a joisting for the scaffolding. On 
the opposite sides of the rows, interior string pieces are placed, 
about the same level with the exterior, for the purpose of serving 
both as guides and supports for the sheeting piles. The sheeting 
piles being well jointed, are driven in juxtaposition, and against 
the interior string pieces. A third course of string, or ribbon 
pieces of smaller scantling confine, by means of large spikes, the 
sheeting piles against the interior string pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the coffer work is made, will depend 
upon the pressure due to the head of water, when the interior 
space is pumped dry. For extraordinary depths, the engineer 
would not act prudently were he to- neglect to verify by calcula- 
tion the equilibrium between the pressure and resistance ; but for 
ordinary depths under 10 feet^ a. rule followed is to make the 
thickness of the dam 10 feet; and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give every security against filtrations 
through the body of the dam, but it might not give sulSicient 
strength unless the scantling of the coffer work were suitably in- 
creased in dimensions^ 

In very deep tidal water,, coffer-dams have been made in off- 
sets, by using three rows of sheeting piles for the purpose of 
f;iving greater thickness to the dam below the low- water level. 
n such cases strong square piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of water, 
suitable dimensions must be given to the sheeting piles, in order 
tliat tliey may sustain the pressure arising^ from the puddling when, 
the interior space is emptied of water. This pressure against the; 
interior sheeting piles may be farther increased by that of the e\ 
lerior water upon the exterior sheeting piles, should the pressure 
of the latter be greater than the former. To provide more se* 
curely against the effect of these pressures, intermediate string 
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pieces may be placed against the interior row of piles before tlii 
sheeting piles are driven ; and the opposite sides of the dam on 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediate 
points between the top and bottom of the dam. 

The main inconvenience met with in coffer-dams arises from 
the difficulty of preventing leakage under the dam. In all cases 
the piles must be driven into a firm stralum, «md the sheeting 
piles should equally have a firm footing in a tenacious compact 
sub-stratum. When an excavation is requisite on tlie interior, to 
uncover the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 
point, and somewhat below it if the resistance offered to the 
driving does not prevent it. 

The puddling should be formed of a mixture of tenacious clay 
and sand, as this mixture settles better than pure clay alone. 
Before placing the puddUng, all the soft mud and loose soil be- 
tween the sheeting piles should be carefully extracted ; the pud- 
dling should be placed in and compressed in layers, care being 
taken to agitate the water as little as practicable. 

With requisite care coffer-dams may be used for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddling. Sandy bottoms offer the greatest difficulty in 
this respect, and when the depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddling. 

When the depth of water is over 10 feet, particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a finn 
stratum for the bed of the foundation, additional precautions will 
be requisite to give sufficient support to the interior sheeting piles 
against the pressure of the pudalmg, to provide against leakage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped dry 
and excavated. The best means for these ends, when the local- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional points of support, by interme- 
diate string pieces between the one at top and the bottom of the 
water ; and to form a strong framing of timber for a support to 
the interior sheeting piles, giving to it the dimensions of the area 
to be enclosed. The frame-work (Fig. 23) may be composed of 
upright square beams, placed at suitable distances apart, depend- 
ing on the strength required, upon which square string pieces are 
bolted at suitable distances from tlie top to the bottom, the bottom 
string resting on tlie surface of the mud. The string pieces 
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senmg as supports for the sheeting piles, must be on Jie sides of 
the uprights towards the puddling, and their faces in tlie sam^ 




Fig.a»-Renro0entst 
section or the cof- 
fer-dam used for 
the Potomac aqii»^ 
duct 

a, main exterior piles 

fr, strong square 
beams correspond- 
ing to a on which 
the wales n, n are 
notched and bolt- 
ed. 

c. sheeting piles. 

a, top wtue on main 
piles. 

e, cross pieces. 

t, i^ide and support- 
mg string pieces for 
sheeting pdes. 

oOf horizonial shores 
DUttressing opposite 
sides of dam. 

A, puddling. 

B, interior space. 

C, mud, &c. 

D, rock bottom. 



vertical plane. Between each pair of opposite uprights, horizon- 
tal shores may be placed at the points opposite the position of the 
string pieces, to bcrease the resistance oi the dam to the pressure 
of the water ; the lop shores extending entirely across the dam, 
and being notched on the top string pieces. The interior shores 
must be so arranged that they can be readily taken out as the 
masonry on the interior is built up, replacing them by other shores 
resting against the masonry itself. 

397. When the bed of a river presents a rocky surface, or rock 
covered with but a few feet of mud, or loose soil, cases may occur 
in which it will be more economical and equate safe to lay a bed 
of beton without exhausting .the water from tne area to be built 
on; enclosing the area, before throwing in the beton, by a simple 
coffer work formed of a strong frame work of uprights and hori- 
zontal beams and sheeting piles. The frame work (Fig. 24) in 
this case is composed of uprights connected by string pieces in 
pairs ; each pair is notched and bolted to the uprights, a sujBdcient 
interval being left between them for the insertion of the sheeting 
piles. To secure the frame W4jrk to the rock, it may be re- 
quisite to drill holes in the rock to receive the foot of each up- 
right. The holes may be drilled by means of a lone iron bar, 
termed ^ jumper ^ which is used for this purpose, or else the or- 
dinary diving bell may be employed. 1 his machine is very ser- 
viceable in all similar construcUons where an examination of work 
onder water is requisiley or in cases where it is necessary to la^ 
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masonry under water. The frame work. is put together on land« 
floated to its position, and settled upon Hjd rock ; the sheeting! 




Fig. 94— Repreaents a oofler work for confining beton. 

A, section of coffer work and beUm. 

B, plan of coffer work. 

a, a', Kiuare uprights oonnectod by horiiootal beama i, b 

bolted to them m pain. 
e, (^, sheeting piles inserted between the beams b, b' aiK 

the nprighti a, tt, 
dt tPfitoa rods conneoting opposite sides ofeoffer woik. 



piles are then driven into close contact with the surface of the 
rock. 

398. The convenience and econom)r resulting from the use of 
beton for the beds of structures raised in water, have led General 
Treussart to propose a plan for laying beds of this material, and 
then to take advantage of their strength and impermeability to con- 
struct a coffer-dam upon them, in order to carry on the super- 
structure vnth more care. To effect this, the space to be occupied 
by the bed (Fig. 25) is first enclosed by square piles, driven in 
juxtaposition and secured at top by a string piece. The mud and 
loose soil are then scooped from the enclosed area to the firm soil 
on which the bed of beton is to be laid. The bed of beton is next 
laid with the usual precautions, and while it is still soft a second 
row of square piles is driven into it, also m juxtaposition, and at 
a suitable distance from the first for the thickness of the dam - 
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hese are also secured at top by a string piece. Cross pieces ara 




Fig. 95— RepreeentB a . 
era] Treoasart's dam. 

A, bed of beton. 

B, puddling of dam. 

C, naasonrsr of Btmctare. 
a, square nilee. 

fr, wale pieoea, 
c, croai pieces. 
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notched upon the stnng pieces, to secure the rows of piles and form 
a scaflfoldinff. An ordinary puddling is placed in between the rows 
of piles, and the interior space is pumped dry. 

Should the soil under the bed of beton be permeable, the pres- 
sure of the water on the base of the bed may oe sufficient to raise 
the bed and the dam upon it, when the water is taken from the 
interior space. A proper calculation will show whether this dan- 
ger is to be apprehended, and should it be, a provisional weight 
must be placed on the dam, or the bed of beton, before exhaust^ 
ing the interior. 

399. When the depth of water is great, or when, from the 

[)ermeability of the soil at the bottom, it is difficult to prevent 
eakage, a coffer-dam may be a less economical method of laying 
foundations than the caisson. The caisson (Fig. 26) is a strong 
water-tight vessel having a bottom of soUd heavy timber, and 
vertical sides so arranged that they can be readily c(ptached from 
the bottom. The following is the usual arrangement of the cais- 
son, it, like the coffer-dam, being subject to changes to suit it to 
the locality. The bottom of the caisson, servinc as a platform 
for the foundation course of the masonry, is made level and of 
heavy timber laid in juxtaposition, the ends of the beams being 
confined by tenons and screw-bolts to longitudinal capping pieces 
of larger dimensions. The sides of the box are usually vertical. 
The sides are formed of upright pieces of scantling covered vnth 
thick plank, the seams bemg carefully calked to make the cais- 
son water-tight The lower ends of the uprights are inserted 
into shallow mortises made in the capping. The arrangement 
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for detacliing the sides, is effected in the following manner 
Strong hooIiS of wrought iron are fixed to the bottom of the 




Fig. 9fir—R^tm&nt» a croas soe- 
uon and interior end view of 
acaiflBon. The boards in thif 
Fig. are represented as let 
Into grooves in the vertica. 
pieces, instead of being nailed 
to them on the exterior. 

a, bottom beams let into 
grooves in the capping. 

b, sqnare uprights to sustain 
the boards. 

c, cross pieces resting on b. 

a, iron rods fitted to hooks at 
bottom and nuts at top. 

e, longitudinal beams to stay 
the cross pieces c, 

A, section of the masonry. 



caisson at the sides of the capping piece, corresponding to the 
points where the uprights of the sides are inserted into this piece 
rieces of strong scantling are laid across the top of the caisson, 
resting on the opposite uprights, upon which they are notched. 
These cross pieces project beyond the sides, and the projecting 
parts are perforated by an auger-hole, large enough to receive a 
Dolt of two inches in diameter. The object of these cross pieces 
is twofold ; tlie first is to buttress the sides of the caisson at top 
against the exterior pressure of the water ; and the second is to 
serve as a point of support for a long bolt, or rod of iron, with an 
eye at the lower end, into which the hook on the capping piece 
is inserted, and a screw at top, to which a nut, or female screw 
is fitted, and which, resting on the cross pieces as a point of sup- 
port, draws the bolt tight, and, in that way, attaches the sides 
and bottom of the caisson firmly together. 

A bed is prepared to receive the bottom of the caisson, by lev- 
elling the soil on which the structure is to rest, if it be of a suit- 
able character to receive directly the foundation ; or by driving 
large piles through the upper compressible strata of the soil to 
the firm stratum oeneath. The heads of the piles are sawed off 
on a level to receive the bottom of the caisson. 

To settle the caisson on its bed, it is floated to and moored 
over it ; and the masonry of the structure is commenced and 
carried up, until the weight grounds the caisson. The caisson 
should be so contrived, that it can be grounded, and afterwards 
raised, in case that the bed is found not to be accurately levelled 
To effect this, a sma?l sliding gate should be placed m the sida 
of tlie caisson, for the purpose of filling it with water at pleasure 



. FOUNDATIONS. 135 

By means of this gate, the caisson can be filled and grounded, 
and, by cln^sing the gate and pumping out the water, it can be sel 
afloat. * 

After the caisson is settled on its bed, and the masonry of tlic 
structure is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods 
and then taking off the top cross pieces. By first filling the cais- 
son with water, this operation of detaching the sides can be more 
easily performed. 

400. To adjust the piles before they are driven, and to prevent 
them from spreading outward by the operation of driving, a strong 
grating of heavy timber, formed by notching cross and longitudi- 
nal pieces on each other, and fastening them firmly together, may 
be resorted to. This grating is arranged in a similar manner to 
a grillage ; only the square compartments, between the cross and 
string pieces, are larger, so that they may enclose an area for 4 
or 9 piles ; and, instead of a single row of cross pieces, the 
grating is made with a double row, one at top, the other at the 
bottom, embracing the string pieces on which they are notched. 

The grating may be fixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401 . Where tne area occupied by a structure is very consider- 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, bv forming an artificial island of loose 
heavy blocks of stone, whicli are spread over the area, and receive 
a batter of from one perpendicular to one base, to one perpen- 
dicular and six base, according to the exposure of the bed to the 
efiects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the structure should not be com- 
menced before the bed appears entirely to have settled ; nor even 
then, if there be any danger of further settling taking place from 
tlie additional weight of the structure. Should any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
somewhat greater than that of the conternplated structure, and 
this weight may be gradually removed, if^ composed of odier 
materials than those required lor the structure, as the work pro* 
gresses. 

403. To give perfect security to foundations in running water, 
the soil around the bed must be protected to some extent from 
the action of tlie current. The most ordinary method of efiect- 
ing this, is by throwing in loose masses of broken stone of suffi- 
cient size to resist the force of the curr^^nt. This method wilJ 
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give all required security, where the soil is not of a shifting clia 
racter, Uke sand and gravel. To secure a soil of this last nature, 
it will, in some cases, be necessary to scoop out the bottom around 
the bed to a depth of from 3 to 6 feet, and to fill this excavated 
part with beton, the surface of which may be protected from the 
wear arising from the action of the pebbles carried over it by the 
current, by covering it with broad flat flaizging stones. 

404. When the bottom is composed of soft mud to any great 
depth, it may be protected by enclosing the area with sheetinff 

f)iles, and then filling in the enclosed space with fragments of 
oose stone. If the mud is very soft, it would be advisable, in 
the first place, to cover the area with a grillage, or with a layer 
of brushwood laid compactly, to serve as a oed for the loose 
stone, and thus form a more stable and solid mass. 

CONSTRUCTION OF MASONRY. 

405. Under this head will be comprised whatever relates to the 
manner of determining the forms ana dimensions of the most im- 
portant elementary components of structures of masonry, together 
with the practical details of their construction. 

406. Foundation Courses. As the object of the foundations is 
to give greater stability to the structure by diffusing its weight 
over a broad surface, their breadth, or spread^ should be propor- 
tioned both to the weight of the structure and to the resistance 
offered by the subsoil. In a perfectly unyielding soil, hke hard 
rock, there would be no increase of stability by augmenting the 
base of the structure beyond what would be strictly necessary to 
its stability in a lateral direction ; whereas in a very compressible 
soil, hke soft mud, it would be necessary to make the base of the 
foundation very broad, so that by diffusing the weight over a great 
surface, the subsoil may offer sufiicient resistance, and any un- 
equal settling be obviated. 

407. The tiiickness of the foundation course will depend on 
the spread ; the base is made broader than the top from motives 
of economy. This diminution of the volume (Fig. 27) is made 



FSg. 87— Section of fonndatioii ooonet and mpentiao- 
ture. 

A, batter. 

B, offsets. 

C, supeiBtrocture. 



either in steps, termed offsets, or else by giving a uniform batter 
from the base to the top. The latter method is now generally 
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used ; it presents equal stability with the former with a smaller 
volume. 

When the foundation has to resist only a vertical pressure, an 
enual batter is given to it on each side ; but if it has to resist also 
a lateral effort, the spread should be greater on the side opposed 
to this effort, in order to resist its tendency, which would be to 
cause a yielding on that side. 

408. The bottom course of the foundations is usually formed 
of the largest sized blocks, roughly dressed off with the hammer ; 
but if the bed is compressible, or the surfaces of the blocks are 
winding, it is preferable to use blocks of a small size for the bot- 
tom course ; because these small blocks can be firmly settled, by 
means of a heavy beetle, into close contact with the bed, which 
cannot be done with large sized blocks, particularly if their under 
surface is not perfectly plane. The next course above the bottom 
one should be of large blocks, to bind in a firm manner the smaller 
blocks of the bottom course, and to diffuse tlie weight more uni 
formly over them. 

409. When a foundation for a structure rests on isolated sup- 
ports, like the pillars, or columns of an edifice, an inverted or 
counter-archy (Fig. 28,) should connect the top course of the 
foundation under the base of each isolated support, so that the 

Eressure on any two adjacent ones may be distributed over the 
ed of the foundation in the interval between them. This precau- 
tion is obviously necessary only in compressible soils. Ifi incom- 
pressible soils it would be alone requisite to carry up the courses 
unmediately below each support with great care, to present a 
•table bed for the base of the support. 




FSg. 88— Section of reitieal 
■upports OD revened arch- 

68. 

A, reveraed arch. 

B, Tertical supports. 

C, bed of stone. 



The reversed arch is also used to give greater breadth to the 
foundations of a wall with counterforts, and in cases where an 
upward pressure from water, or a semi-fluid soil requires to be 
counteracted. In the former case the reversed arches are turned 
under the counterforts ; in the latter they fonn the points of sup- 
poit of the walls of the structure. 

410. The angles of the foundations should be formed of the 
most massive blocks. The courses should be carried up uni 
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fonnlv throughout the foundation^ to prevent unequA lettliirg if 
the mass. 

The stones of the top course of the foundation shod : be siiiB 
ciently large to allow ttie course of the superstructure next abo^* 
to rest on the exterior stones of the top course. 

411. Hydraulic mortar should be used for the foundations 
and the upper courses of the structure should not be commenos- 
until the mortar has partially set throughout the entire founds 
tion. 

412. Component parts of Structures of Masonry These m \ • 
be divided into several classes, according to the efforts they su^ 
tain ; their forms and dimensions depending on these efforts. 

1st. Those which sustain only their own weight, and are ni* 
liable to any cross strain upon the blocks of which they ar 
formed, as the walls of enclosures. 

2d. Those which, besides their own weight, sustain a vertica 

Pressure arising from a weight borne by them, as the walls of ed' 
ces, columns, the piers of arches, &c. 
3d. Those which sustain lateral pressures, and cross strair 
upon the blocks, arising from the action of earth, water, frames 
or arches. 

4th. Those which sustain a vertical upward, or downward 
pressure, and a cross strain, as areas, lintels, &c. 

6th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. Walls of Enclosures. Walls for these purposes may be 
built of brick, rubble, or dry stone. 

Brick walls are usually built vertically upon the two faces ; 
their thickness cannot be less than that of one brick. A waU of 
one brick and a half thick will serve for any length, provided the 
height be not over 15 or 20 feet. 

Rubble stone walls should never receive a thickness less than 
18 inches when the two faces are vertical. Rondelet, in his work 
rArt de BAtir, lays down a rule that the mean thickness of both 
rubble and brick walls should be j\ of their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their height exceeds 12 feet, their mean thickness 
should be } of the height. 

Stone walls are usually built with sloping faces. The batter 
should not be greater, when the stones are cemented with mor- 
tar, than one base to six perpendicular, in order that the rain may 
run rapidly from the surface, and that the wall be not too mucn 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter is arranged either t^y building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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thickness of the wall at top should not be less than from 8 to 12 
inches. 

When a wall is built with an equal batter on each face, and the 
thickness at the top and the mean thickness are fixed, the base of 
the wally or its thickness at the bottom, will be found by sitbtract- 
ing the thickness at top from twice the mean thickness. This 
rule evidently makes the batter of the wall depend upon the two 
preceding dimensions. 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the hne of the wall. These are spurs 
of masonry projecting some length from the wall, ainl are firmly 
connected with it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ; their height should be the 
same as that of the wall. 

In rubble wall the counterforts may be made of hanunered, or 
cut stone. In addition to this means of strengthening walls, hon- 
zontal courses, or chains of dressed stone may be advantageously 
used firom distance to distance, from the bottom of the wall up- 
ward. 

414. Vertical Supports. These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masoniy which compose the supports should be regu- 
lated by the weight borne. li, as in the walls of edifices, the 
resultant of the efibrts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the outer 
edge, that the stone forming the lowest course would be in danger 
of being crushed. ^ 

In broad enclosed spaces covered at top, the dimensions of the 
wall may be calculated as in the case of ordinary enclosures, and 
the dimensions thus obtained be increased in proportion to the 
weight to be borne. 

Cross walls between the exterior walls, as the partition walls 
of edifices, should be regarded as counterforts which strengthen 
the main walls. 

415. Areas. The teim area is applied to a mass of masonry, 
usually of a unifoim thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure to sustain. Whenever this occurs, as in the 
case of the bottoms of cellars in conmiunication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufficiently strong to ensure safety ; in this case an 
inverted arch must be used. 

416. Retaining, or Sustaining Walls. These terms are ap> 
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pliea lO walls which sustain a lateral pressure from an embank 
ment, or a head of water. 

417. Retaining walls may yield by sliding either along the 
base of the foundation courses, or along one of the horizontal 

I'ointSy or by rotation about the exterior edge of some one of the 
lorizontal joints. 

418. The determination of the form and dimensions of a re- 
taining wall for an embankment of earth is a problem of consider- 
able intricacy, and the mathematical solutions which have been 
given of it have generally been confined to particular cases, for 
which approximate results alone have been obtained ; these, how- 
ever, present sufficient accuracy for all practical purposes within 
the limits to which the solutions are apphcable. Among the many 
solutions of this problem, those given oy M. Poncelet of the Corps 
of French Military Engineers, in a Memoir on this subject, pub- 
lished in the Memorial de F Of icier du Giniej No. 10, present 
a degree of research and completeness which pecuharly charac- 
terize all the writings of this gentleman, and have ^ven to his 
productions a claim to the fullest confidence of practical men. 

The followiuj^ formula, applicable to cases of rotation about the 
exterior edge of the lowest norizontal joint, are taken from the 
memoir above cited. 

Calling H, the height BC (Fig. 29) of a wall of uniform thick- 
ness, the face and back being vertical. 
G« 




FSg. flh-Repnwnli a Motion O of a ntalnins wafl 

with the face and back TeiticaL 
P, aectioa of the embankmont above tho walL 



A, the mean height C6 of the embankment, retained by the wall, 

above the top of the wall. 
:;, die berm Dl, or distance between the foot of the embanksDeni 

and the outer edge of the top of the wall, 
a, the angle between the line of the natural slope BN of the eartb 

of the embankment and the vertical B6. 
/=s cot a, the co-efficient of friction of the earth of the embank 

ment 
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w, the weight of a cubic foot of the earth. 
w', the weight of a cubic foot of the masonry of the wall. 
6, the base AB, or thickness of the wall at bottom. 
Then, 

6=0.74 tan. ^a s/^ (A+1.126H)+0.0488A- 0.66c tan. a (-g 

^0.6^)4-0.25). 

The above formula gives the value of the base of a wall with 
vertical faces, within a near degree of approximation to the true 
result, only when tiie values of the quantities which enter into it 
are confined within certain limits. These limits are as follows : 
for fly between and H ; c, between and ^H ; /, between 0.6 
and 1.4, which correspond to values of a of 70° and 35°, beinff 
in die one case the angle which the line of the natural slope of 
very fine dry sand assumes^ and in the other of heavy clajrey 
earth : and for w, between rv'^ and iw\ Besides these limits, 
the formula also rests on the assumption that the excess of stabil- 
ity of the wall over that of a strict equilibrium is represented by 
0.912 ; or, in other words, that the moment of the pressure against 
the wall is taken 0.912 greater than the moment of strict equi- 
librium between it and the wall. This excess of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
century with securitv. 

419. Having by t&e preceding formula calculated the value of 
h for a vertical wall, the base b' of another wall, presenting equal 
stability, but having a batter on the face, the back being verticali 




Fig. 3(H-Renrawnti a Mdko Oof a letiiiiiiig waO with 

a rioping face AD. 
P, section of the embankmeiit 



which is the usual form of the cross section of retaining walls, 
can be calculated firom the following notation and formula. 
Calling (Fig. 30) V the base of the sioping wall. 
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Ad 

n = pT^ the batter, or ratio of the base of the skpe d the per 

pendicular, or height of the wall. 
Then, 

420. With regard to sUdiii^ either on the base of the founda- 
tion courses, or on the bed of any of the horizontal joints of the 
waB, M. Poncelet shows, in the memoir cited, by a comparison 
of the results obtained from calculations made under the suppo- 
sitions both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are cakulatea to 
conform to*the former, so loog as the Hmits of A are taken between 
and 4H ; particularly if the precaution be taken to allow the 
moitar of the masonry to set firmly before forming the embank- 
ment behind the wall. 

421. Form of Section of Retaining Walls, Retainmg walls 
have been built with a variety of forms of cross section. The more 
usual form of cross section is that in which the back of the wall 
i« built vertically, and the face with a batter varying between one 
base to sixperpendicular, and one base to twenty-four perpen- 
dicular. The former limit having been adopted, for the reasons 
already assigned, to secure the joints from the effects of weather ; 
and the latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forward. 

422. The most advantageous form of cross section for econo- 
my ef masonry is the one ^Fig. 31) termed a leaning retaining 




Fig. ai— Repreeente « Mctioii O of a leaning retainmg 
wall with a 8l<»piBg face AD and the bac£ BC ooun- 
ter^ped. 



wall. The counter slope, or reversed batter of the back of the 
wall, should not be less than six perpendicular to one base. In 
this case strength requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner edge of the base, that the stone of the bottom 
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eaane of the foundation may present sufficient surface to cear 
the ^pressure upon it. 

428. Walls with a curred batter (Fie. 32) both upon the face 
and back, have been used in England, by some engineers, for 
quays. They present no peculiar advantages in strength over 




Fig. 39— Reprannts a sectkm A of a wall with • 
curved face and bade, and an elevation B of tiM 
counterfortB. 

C, wuier. 

D, eint>ankment behind the wall, 
a, fender beams of timber 



waRs with plane faces and backs, and require particular care in 
arrangingthe bond, and fitting the stones or bricks of the face. 

424. Measures for increasing the Strength of Retaining 
Walls. These consist in the addition of counterforts, in the use 
of relieving arches, and in th^ modes of forming the embank- 
ment« 

425. Counterfort give additional strength to a retaining wall 
rn several ways. By dividing the whole line of the wall into 
shorter lengths between each pair of counterforts, they prevent 
the horizontal courses of the wall from yielding to the pressure 
of the earth, and bulging outward between the extremities of the 
walls ; by receiving the pressure of the earth on the back of the 
counterfort, instead of on the corresponding portion of the back of 
the wall, its effect ia producing rotation about the exterior foot of 
the wall is diminished ; the sides of the counterforts acting as 
abutments to the mass of earth between them may, in the case of 
sand, or like soil, cause the portion of the wall between the coun« 
terforts to be relieved from a part of the pressure of the earth 
oehind it, owinc to the manner in which the particles of sand be- 
come buttressed against each other when confined laterally, and 
offer a resistance to pressure. 

426. The horizontal section of counterforts may be either 
rectangular, or trapezoidal. Wher placed against the back of a 
wall, the rectangular form offers the greater stability in the case 
of rotation, and is more economical in construction ; the trape 
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loidal fomi gives a brosider and therefore a finner connection be* 
tween the wall and counterfort than the rectancular, a point ot 
some consideration where, from the character of the materials, the 
strength of this connection must mainly depend upon the strength 
of the mortar used for the masonry. 

427. Counterforts have been chiefly used by military engineers 
for the retaining walls of fortifications, termed revdtements. In 
regulating their form and dimensions, the practice of Vauban has 
been generally followed, which is to make the horizontal section 
of the counterfort trapezoidal, making the height of the trapezoid 
ef, (Fig. 33,) which corresponds to the length of the counterfort, 
two tenths of the height of the wall added to two feet, the base of 
the trapezoid ab corresponding to the junction of the counterfort 
and back of the wall, one tenth of the height added to two feet^ 
and the side cd which corresponds to the back of the counterfort 
equal to two thirds of the base ab. The counterfeits are placed 




Fig. 33— Representi a MCtioii A, and plan D of a wall, an4 
an elevation B, and plan £ of a tiapeioidal oonnterfort 
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from 15 to 18 feet from centre to centre along the back of the 
wall, according to the strength required. 

428. In adding counterforts to walls, the practice has generally 
been to regard them only as giving additional stability to the wall, 
and not as a means of diminishing its volume of masonry of 
which the addition of the counterforts ought to admit. Considered 
in this last point of view, the problem lor determining both the 
suitable dimensions of the counterforts and the thickness of the 
corresponding wall, is one of verj'- considerable mathematical 
difiiculty, whose solution must repose upon assumptions made af 
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10 the manner in which the portions of the wall between the 
counterforts would be likely to yield to the pressure upon them, 
the support which they receive from the two counterforts at their 
extremities, and the stabiUty which the counterforts add to the 
entire system in preventing rotation. 

429. Relieving Arches are so termed from then: preventing a 
portion of the embankment from resting acainst the back of the 
wall, and Uius reheving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 



Fig. 34— Repments a Mction M and an ek 
nation N of a wall and relieving aichea h 
three tien. 
section of the wall. 

sections of the arches thniagh their 
crowns. 

interior elevations of counterforts serv- 
^ _ pieri ef the arches. 
Ulterior end elevations of arches. 



In arranging a combination of rebeving arches and their piers, 
the latter, like ordinary counterforts, are placed about 18 feet 
apart between their centre lines ; their length should be so ref- 
lated that the earth behind them resting on the arches, and fallmg 
under them with the natural slope, shall not reach the wall be- 
tween the arch and the foot of the back of the wall below the arch. 
The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pros 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment' 
before the mortar of the retaining wall has had time to set firmly, 
various expedients may be employed to relieve the wall from the- 
pressure which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to the wall- 
may be of a compact binding earth placed in layers inclining' 
downward from the back of the wall, and well rammed ; or of » 
stiff mortar made either of clay, or sand, with about ^^V^^ ^^ bulk, 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid, in to ai 
suitable depth back from the wall for the same purpose. The- 
precaution, however, of allowing the mortar to set firmly before 
oiming the embankment, should ne\orbe omitted except in cases 
of extreme urgency, and then the bond of the masonry should be 

19 
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arranged M^ith peculiar care, to prevent disjancXion aloLg any <A 
the horizontal joints. 

43 1 . Walls built to sustain a pressure of water should be xega« 
lated in form and dimensions like the retaining walls of embank* 
ments. The problem in this case is one of less difficulty thaii 
in the other, from the greater simplicity of the mathematical 
formula for the pressure of water. The buoyant effort of the 
water must be taken into account in this calculation, whenever the 
masonry is so placed as to be partially immersed in the water. 

432. "Heavy walls, and even those of ordinary dimensions, 
when exposed!^ to moisture, should be laid in hydraulic mortar. 
Grout has been tried in laying heavy rubble walls, but with de- 
cided want of success, the successive drenchings of the stone 
causing the sand to separate from the lime, leaving when dry a 
weak porous mortar. W hen the stone is laid in full mortar, grout 
may be used with advantage over each course, to fill any voids 
left in the mass. 

433. Beton has frequently been used as a filling between the 
back and facing of water-tight walls ; it presents no advantage 
over walls of cut, or rubble stone laid in hydraulic mortar, and 
causes unequal settling in the parts, unless great care is taken in 
the construction 

434. When a weight, arising from a mass of masonry or earth, 
rests upon two or more isolated supports, that portion of it which 
is distributed over the space, or bearing between any two of the 
supports, may be borne by a block of stone, termed a lintel, laid 
horizontally upon tlie supports, by a combination of blocks termed 
a plate-handey so arranged as to resist, without disjunction, the 
pressure upon them ; or by an arch. 

435. Lintel, Owing to the slight resistance of stone to a cross 
strain, and to shocks, lintels of ordinary dimensions cannot be 
used alone with safety, for bearing?? over six feet. For wider 
bearings, a slight brick arch is thr(*wn across the bearing above 
the lintel, and thus relieves it from the pressure of the parts 
above. 

436. Plate-bande. The plate-bande is a combination of blocks 
cut in the form of truncated wedges. From tlie form of the 
blocks, the pressure thrown upon tliem causes a lateral pressure 
which must be sustained eitlier by the supports, or by some other 
arrangement, (Fie. 36.) 

The plate-bande should be used only for narrow bearings, as 
the upper edges of the blocks at the acute angles are liable to 
spUnter from the pressure. If the bearing exceeds 10 feet, the 
plate-bande should be relieved from the pressure by a brick arch 
above it. Additional means of strengthening the plate-bande are 
ometimes used by forming a broken joint between the blocks, or 
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bf a projection made on the face of one block to fit into a cor* 
respondinff indent in the adjacent one, or by connecting the blockf 
wiw iron bolts. 
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Bfreiiqn of a plalir-biiiifJti,, 
Bhow^tiB tlie maiini-r in 
which Lh€ vouibolnj A, 4 
and B nn» cut hiuI (^n[^- 
nectfil by metaJ cruuiiis. 
flfe* lie of wrou^lii imu fop 

la die bdU i?^» Wt ii)ti» 
llie men of tht; plals 

When, firom any cause, the supports cannot be made suffi- 
ciently stronff to resist the lateral pressure of the plate-bande, the 
extreme blocks must be united by an iron bar, termed a tie, suit- 
ably arranged to keep the blocks from yielding. 

437, Arches. The arch is a combination of wedge-shaped 
blocks, termed arch stones, or voussoirs, truncated towards the 
angle of the wedges by a curved surface which is usually normal 
to the sur&ces of the joints between the blocks. This inferior 
surface of the arch is termed the intrados, or soffit. The upper, 
or outer surface of the arch is termed the extrados, or oack^ 
CFig. 36.) 
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FUc. 30— Represents an elevation M of the head of a risht cylindrical arch. 

and a section N through the crown of tlie arch A, with an elevation B or 

the soffit and the face C of the ahutment. 
ah, span of the arch, 
^.nae. 

aebt evam of the intrados. 
e. e, TousBoirB forming ring ooaises of heads. 
/, key stone. 

g, coihion stone of abatment 
«iii« crewn of the arch, 
op, springing line. 

436. The extreme blocks of the arch rest against lateral sup* 
ports, termed abutments^ which sustain both the vertical pressure 
arising from the weight of the arch stones, and the weight of 
whatever lies upon them ; also the lateral pressure caused by the 
iction of the arch. 

439. In a range, or series f .rches placed side by side, th« 
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extreme supports are termed the abutments, the inteimediale sup- 
ports which sustain th^ intermediate arches and the halves of the 
two extreme ones are termed piers. When the size of the arches 
is the same, and their springing Unes are in the same horizontal 
plane, the piers receive no other pressure but that arising from 
the weight of the arches. 

440. Arches are classified, from the form of the soffit, into 
cylindrical^ conical^ canoided, warped annular^ groined, clais* 
tered, and domes. They are also termed right, oblique, or askew^ 
and rampant, from their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch. This is the most usual and the sim- 
plest form of arch. The soffit consists of a portion of a cylindri- 
cal surface. When the section of the cylinder perpendicular to 
the axis of the arch, termed a right section, cuts from the surface 
a semi-circle, the axch is termed a full centre arch ; when the 
section is an arc less than a semi-circle, it is termed a segment 
arch; when the section gives a semi-ellipse, it is termed an 
elliptical arch; when the section gives a curve resembling a 
semi-ellipse, formed of arcs of circles tangent to each other, the 
arch is termed an oval, (Fig. ^7,) or basket handle^ and is called 




E!g. 37— Repreienti an oral enrve ol 
three oentras, Uw uoi of which art 
each 60". 
DB, span of the onrre. 
'm^' AC. nn. 
B P,0, and RvOantNiof thaaiciof 



a curve cf three, five, &c. ceTttres^ according to the number ot 
arcs, which must be odd to obtain a curve symmetrical with 
respect to the vertical line bisecting it ; when the section is that 
of two arcs of circles intersecting at the middle point of the curve, 
it is termed a pointed, or an obtuse or surbased arch, (Figs. 38 
and 39,) according as the angle between the arcs at their inter- 
section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter- 
minated by two planes, termed the hea'is of the arch, perpendicu 
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kr to the aiis of the arch ; oblique^ or askew, when the heads 
are oblique to the axis ; and rampant when the axis of the arch 
it oblique to the horizontal plane. 




Fig. as—Repnsente tha half of a pointed cwfv 

of four centra, 
o^i half qien. 
^, rile, 
m and n» oentiea «f the half ennra «e» 



_-_. the half of an 

curve of four centra, 
a^, half q)an. 
fte, rifle, 
m and n, centra of the half earfo «e. 



442. The chord of the cur^e of right section (see Fiff. 36) is 
termed the span of the arch, its versed sine the rise of the arch. 
When the heads of the arch are oblique to the axis, the chord of 
the obUque section made by the plane of the heads is termed the 
span of the askew section. The lines of the soffit correspondinff 
to the extremities of the span are termed the springing lines of 
the arch ; the top portion, or line of the soffit, is termed the 
crown. The ti > stone of the crown the key stone. The line 
drawn through the middle point of the span at the extremities of 
the arch, is termed the axis of the arch.* 

443. The form of right section will depend upon the purposes 
irhich the arch is to serve, the locality, and the st^le of architec- 
ture employed. When the rise is less than halt the span, the 
aich js weaker than in either the full centre, or where the rise ij 

♦ See Note (7, Appendix. 
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greater than half the span. The methods of ueschbing the Tarioiu 
cuires of right section will be explained in the Appendix. 

444. The same general principle is followed in arranging tlie 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The surfaces of the joints should be normal to the 
surface of the soffit, and the surfaces of any two systems of Joints 
should be normal to each other at their lines of intersection. These 
conditions, with respect to the joints, will be satisfied by tracing 
upon the soffit its lines of least and greatest curvature, and taking 
the edges of one series of joints to correspond with one of these 
systems of lines, and the eages of the other series with the other 
system, the surfaces of the joints beins formed by the surfaces 
normal to the soffit along the respective lines in question. When- 
ever the surface of the soffit belongs to any of the families of 
geometrical surfaces, the joints will be thus either plane, or de- 
velopable surfaces. In me cylindrical arch, for example, the 
edges of one series of joints vrill correspond to the elements of 
the cylindrical surface, while those of the other will correspond 
to the curves of right section, the former answering to the line 
of least, and the latter of greatest curvature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines m question, will be normal also to each 
other. 

445. In full centre and segment arches, the voussoirs are 
usually made of the same breadth, estimated along the curve of 
right section. The planes of the joints of each course of vous 
soirs between the heads of the arch are made continuous, (see 
Fig. 36,) each of these courses beinff termed a siring course, and 
their joints coursing joints. The planes of the joints along the 
curves of right section are not continuous, but break joints ; the 
stones which correspond to two consecutive series of these joints 
being termed a ring courscy and its joints heading Joints. By 
this combifiation of the ring and string courses, the fitting of the 
blocks, tijc settling of the courses, and the bond are arranged in 
the best manner. 

446. In the other forms of right section of cylindrical arches, 
it may not. in many cases, be practicable to give the voussoirs 
the sime bv'eadth, owing to the variable curvature of the right sec 
tion ; but the same arrangement is followed for the ring and string 
courses. 

447. Tr oblique cylindrical aivhes, when the obliquity is but 
slight. Tio change will be required in the arrangement of the 
coursPii and joints ; but when the angle between the heads and 
the axi^ \9 considerably less than a right angle, the ring courses 
at the e^nremities of the ai, h would have what is termed ^ false 
bearinf^ itiat is, the pressure upon their coursing joints wouU 
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not be transmitted in the direction of the pressure to the fixed 
lateral supports, and therefore these portions of the arch would 
be insecure. To obviate these defects, as well as the unequal 
bearing upon the lateral supports in such case, arrangements of 
the coursmg and heading joints have been devised, by which a 
better bond is obtained, and the total pressure from the voussoira 
thrown upon the abutments. 

One method for this purpose has been mostly used in England, 
and consists in placing the edges of the heading and coursing 
joints along spira. lines of the cylindrical soffit which intersect 
each other at right angles. The a/rec^'ng-.spirals for the heading 
joints (Fig. 40) being taken parallel to the one which is drawn con 



Fig. 40— RetJreaMite an ele- 
vation A of the iiead and 
of a part of the sotiit B of 
an oblique cylindrical arch 
with spiral jointa. 

a, vouasoifB of cut stone. 

c, c, bottom course of stone 
vousBoirs cut to receive the 
brick couraes. 

C, face of the abutment. 

D, ends of the abutments 



necting the extreme points of the askew curve of the head ; those 
for the coursing being traced perpendicular to the former. The 
joints being normal to the somt along the spirals, will be helicoi- 
dal surfaces. This method palliates only to some extent the 
weakness of the bond in the courses near the heads, and giving 
a considerable dip to the coursing joints at the extremities of the 
abutments which make an acute angle with their faces, it presents 
here also a weak point. It possesses an important advantage, 
however, in permitting the soffit ends of the string courses to be 
of equal breadth throughout, and therefore allows the method to 
be adapted as well to brick as cut stone. To bring the coursing 
joints to correspond exactly with the divisions of the ring courses 
of the heads, it may be necessary, in some cases, to shift the 

Spirals of the coursing joints slightly, in making the drawings for 
e arch. The end blocks of the string courses which rest upon 
the abutment, or else the top course of the abutment^ must be 
suitably cut to correspond to the direction of the heading joints 
and timt of the horizontal courses of the abutment. 

448. A second method, in use among the French engineers, 
consists in n.aking the heading joints plane surfaces and parallel 
to the heads of the arch, and in taking for the edges of the coursing 
joints (Fig. 41) tlie trajectories traced on the soffit perpendicular 
to tke edges of the heading joints. The surfaces of the coursing 
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Slnts are made normal to the soffit. B\ nis plan sjme of the 
fects of the fonuer are remedied, but it has the disadvantage 

^ Fig. 41 — Reprasenti 
an elevation of the 
head and a poition 
of the BolTit of an 
oblique cylindrical 
arch, with the 
edges of the cooib- 
ing joints forming 
trtuectoriee at right 
angles to the edges 
of heading joints 
parallel to the 
curves of the heads 
of the arch. 
The letters refer to 
same parts as in 
Fig. 40. 

of giving an unequal breadth to the soffit ends of the voussoirs, 
and therefore is inapplicable to brick arches. The curves of the 
trajectories and the coursing joints are of more difficult construc- 
tion than in the first method. 

449. Cylindrical, groined, and cloistered arches are formed by 
the intersections of two or more cylindrical arches. The span 
of the arches may be different, but the rise is the same in each. 
The axes of the cylinders will be in the same plane, and they may 
intersect under any angle. 

The groined arch (Fig. 42) is formed by removing those por- 



Fig. 4St— Represents the plan of the soffit 
and the right sections M and N of tht 
cylindeiB forming a groined arch. 

aa^ pillaiB supporting the arch. 

frc, groins of the somt. 

om.fnn, edges of coureing joints. 

A, key stone of the two arclies formed of 
one block. 

B, B, groin stones of one block below the 
key stone forming a part of each arch 
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ttons of each cylinder which lie under the other and between 
their common curves of intersection ; thus forming a projecting, 
or salient edge on the soffit along these curves. ^ 

The cloistered arch (Fig. 43) is formed by removing those por- 
tions of each cylinder wluch are above the other and exterior to 
tlieii common intersection, forming thus re-entering angles along 
the same lines. 

450. The planes of the joints in both of these arches are placed 
in the same manner as in the simple cylindrical arch. The innev 
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edges of the correspond'ng course of voussoirs in each arch are 
pliu^d in the same plane parallel to that of the axes of the cylin- 
M 




Fig. 43— Represent! a eeetkiii M ol the Ycvmoin and 
an elevation of the soffit of a cloistered aich« with 
a plan N of the soffit. 

A, A, vooBBoin. 

mn, edge of couning joint 
0. 0, edges of heading joints 

B, B, abutinents of the arohefli 
aebj, carve of the groin. 

C, C, groin stones of one block. 



ders. The portions of the soflBit in each cylinder, corresponding 
to each course of voussoirs, which form either the groin m the 
one case, or the re-entering angle in the other, are cut from a 
single stone, to present no joint along the common intersection of 
the arches, and to give them a firmer bond. 

451. Conical arches are of rare application. When used, the 
same general principles with respect to the joints and bond apply 
to them. The surfaces of one set of joints will be planespassed 
through the elements of the cone and normal to the soffit ; the 
other will be conical, or other surfaces, hkewise normal to the 
soffit and passing through the curves of least curvature. 

452. When tlie spans at the two ends of an arch are imequal, 
but the rise is the same, then the soffit of the arch is made of a 
c^noidal surface. The curves of ri^ht section at the two ends ' 
may be of any figure, but are usualfy taken from some variety 
of the elliptical, or oval curves. The soffit is formed by moving 
a line upon the two curves, and parallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
variety of warped surfaces may be used for soffits according to 
circumstances ; the joints and the bond depending on the gener- 
ation of the surface. 

453. In arranging the joints in conoidal arches, the heading 
joints are contained in planes perpendicular to the axis of the 
•icL The coursing joints are also formed of plane surfaces, so 
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ananged that the portion of the joint corresponding to each block 
is fonned by a plane normal to uie conoid at the middle point of 
the lower edge of the block. In this way the joints of the string 
course will not be formed of continuous sunaces. To make 
them so, it would be necessary to give them the form of warped 
surfaces, which present more difficulty in their mechanical exe • 
cution, and not sufficient advantages over the method just ex- 
plained to compensate for having mem continuous. 

454. The annular arch is formed by revolving the plane of a 
semi-cirde, or semi-oval, or other curve, about a Une drawn with- 
out the figure and parallel to the rise of the arch, (Fig. 44.) Ono 




Fig. 44— Repre- 
sentfl a plaa 
MoftheatMit- 
mentfi A ancl 
B, and the 
aoffit C of an 
annular arch. 

N, right Bectkm 
of the arch. 

a, position «f 
yertical azia 
around which 
the eeetioa N 
iirevolTed. 



f eries of joints in this arch will be formed by conical surfaces 
passing through the inner edges of the stones which correspond 
to the string courses ; and the other series will be planes passed 
through the axis about which the semi-circle is revolved. This 
last series should break joints vnth each other. 

455. The soffit of a dome is usually formed by revolving the 

auadrant of one of the usual curves of cylindrical arches ai-ound 
lie rise of the curve ; or else by revolving the semi-curve about 
the line of the span, and taking the half of the surface thus gen 
erated for the soffit of tlie dome. In the first of these cases the 
horizontal section of the dome at the springing line will be a cir- 
cle ; in the second the entire curve of the semi-curve by which 
the soffit is generated* The plan of domes may also be of regu- 
bi' polygonal figure? , in whicn case the soffit will be a polygonal* 
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cloistered arch formed of equal sections of cylinders, (Fig. 45 ) 
The joints and the bond are determined in tne same manner as 

in other arches. 




Fig. 45— RenreflentB a section M of the voonoin sad 
an deration of the nffit, with a plan N of the ar^ 
of an octagonal-cloistered dome. 

The letten refer to the same parts as in Fig. 43. 



456. The voussoirs which form the nng course of the heads, 
m ordinary cyhndrical arches, are usually terminated by plane 
surfaces at top and on the sides, for the purpose of connecting 
them with the horizontal courses of the head which he above and 
on each side of the arch, (Figs. 46 and 47.) This connection 



Fig. 46~Repre0ents a manner of connecting the vooaeiB 

and horizontal oooTBes in an oval arch. 
0, 0, are examples of vousnus with elbow JciatL 



Fig. 47— RefnesenlB a mode of amoigfaig the 
and horizontal cooms in flat segment arches 



may be arranged in a variety of ways. The two points to be 
kept in view are, to form a good bond between the voussoirs and 
horizontal courses, and to give a pleasing architectural elSect by 
the arrangement. This connection should always give a sym- 
metrical appearance to the halves of the structure on each side 
of the crown. To effect these several objects it may be neces- 
sary, in cases of oval arches, to make the breadth of the voussoirs 
,inec|ual, diminishing usually those near the springing lines. 

457. In small arches the voussoirs near the springing line are 
so cut as to form a part also of the horizontal course, (see Fig. 
My) forming what is termed an elbow joint. This plan is objeo- 
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tionable, both because there is a waste of material in forming 
a joint of this kind, and the stone is liable to crack when the 
arch settles. 

458. The forms and dimensions of the voussoirs should be de- 
termined both by geometrical drawings and numerical calcula* 
tion, whenever the arch is important, qt presents any complication 
of form. The drawings should, in die first place, be niade to a 
scale sufficiently large to determine the parts with accuracy, and 
from these, pattern drawings giving the parts in their true size 
may be made for the use of the mason. To make the pattern 
drawings, the side of a vertical wall, or a firm horizontal area 
may be prepared, with a thin coating of mortar, to receive a thin 
smooth coat of plaster of Paris. The drawing may be made on 
this surface in the usual manner, by describing the curve either 
by points firom its calculated abscissas and ordinates, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres fall within the limits of the 
prepared surface. In ovals the positions of the extreme radii 
should be accurately drawn either from calculation, or construc- 
tion. To construct the intermediate normals, whenever the cen- 
tres of the arcs do not fall on the surface, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of tne whole arc, 
thus set off, be bisected by a perpendicular. This construction 
will generally give a su£&ciently accurate practical result for 
elliptical and other curves of a large size. 

459. The masonry of arches may be either of dressed stone, 
rubble, or brick. 

In viride spans, particularly for oval and other flat arches, cut 
f tone should alone be used. The joints should be dressed with 
extreme accuracy. As the voussoirs have to be supported by a 
framing of timber, termed a centre, until the arch is completed, 
and as this structure is liable to yield, both from the elasticity of 
the materials and the number of joints in the frame, an allowance 
for the settling in the arch, arising from these causes, is soD>e- 
times made, in cutting the joints of the voussoirs false, that is, 
not according to the true position of the normal, but from Ihe 
supposed position the joints will take when the arch has settled 
thoroughly. The object of this is to bring the surfaces of the 
joints into perfect contact when the arch has assumed its perma- 
nent state of equilibrium, and thus prevent the voussoirs from 
breaking by unequal pressures on tneir coursing joints. This 
is a problem of consiaerable difficulty, and it will generally be 
better to cut the joints true, and ffuaid against setUing and its 
effects by ^ving great stiffness to the centres, and by placing be- 
tween the joints of those voussoirs, where the principal movement 
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lakes place in arches, sheets of lead suitably hammered to fit the 
joint andyield to any pressure. 

460. Tne manner of laying the voussoirs demands peculiar 
care, particularly in those which form the heads of the arch. 
The positions of the inner edges of the voussoirs are determined 
by fixed lines, marked on the abutments, or some other immovea- 
ble object, and the calculated distances of the edges from these 
.ines. These distances can be readily set off by means of the 
level and plumb-Une. The angle of each joint can be fixed by a 
quadrant of a circle, connected with a plumb-line, on which the 
position of each joint is marked. 

461. Rubble stone is used only for very small arches which 
do not sustain much weight, or as a filling between a network of 
ring and string courses in large arches which sustain only their 
own weight. In each case the blocks of rubble should be roughly 
dressed with the hammer, and be laid in good hydrauUc mortar. 

462. Brick may be used alone, or in combination with cut 
stone, for arches of considerable size. When the thickness of a 
brick arch exceeds a brick and a half, the bond from the soflit 
outward presents some difiiculties. If the bricks are laid in con- 
centric layers, or shells^ a continuous joint will be formed parallel 
to the surface of the soflit, which will probably yield when the 
arch settles, causing the shells to separate, (Fig. 48.) If the 

N 



Fig. 48— Renreseiity f<9i end 
view M of a brici ardi 
baiU with bUxsks C. and 
shells A, and B. 

N, repfesents the manner 
of arrangins the couraee 
of brick forming the 
crown of the arch. 



bricks are laid like ordinary string courses, forming continuous 
ioints from the soflit outward, these joints, from the form of the 
bricks, will be very open at the back, and, from the yielding of 
the mortar, the arch will be liable to injury in settling from this 
cause. To obviate both of these defects, the arch may be built 
partly by the first plan and partly by the second, or as it is termed, 
m shells and blocks. The crown, or key of the arch should be 
laid in a block, increasing the breadth of the block by two bricks 
for each course from the soflit outward. These bricks should be 
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iftid in bydraolic cement, and be well wedged with pieces of thin 
bard slate between the joints. 

463. When a combination of brick and cut stone is used, the 
ring courses of the heads, with some intermediate ring courses, 
the bottom string courses, the key-stone course, and a few inter* 
mediate string courses, are made of cut stone, (Fig. 49,) tho 



Fig. 49 — Rcp»- 
w&nis a eras mo* 
don of a atooo 
segment aich 
capped with 
bnck andbetoQ* 

A, Btone voofiBDira. 

B and D, brick aad 
beton capping. 

C, abatoient. 

E, cnabioa atone. 



intermediate spaces beinff filled in with brick. The brick pQ& 
tions of the soffit may, it necessary, be thrown within the stone 
portions, forming plain caissons. 

464. The centres of small arches are not removed, or struck 
until the mortar has become hard ; in large arches, the centres 
should not be struck until the whole of the mortar has set firmly. 
In the joints near the springing lines the mortar will have become 
hard, in the ordinary progress of building an arch, before that in 
the higher joints will nave had time lo set, unless hydraulic mor- 
tar of a quick set be used. After the centres are struck, the arch 
is allowed to assume its permanent state of equilibrium, before 
any of the superstructure is laid. 

465. When the heads of the arch form a part of an exterior 
surface, as the faces of a wall, or the outer portions of a bridge, 
the voussoirs of the head ring courses are connected with uie 
horizontal courses, as has been explained ; the top surface of the 
voussoirs of the intermediate ring courses are usually left in a 
roughly dressed state to receive tlie courses of masonry termed 
the capping, (see Fiff. 49,) which rests upon the arch between 
the walls of the head. Before laying the capping, the joints of 
the voussoirs on the back of the arch should be carefully exam* 
ined, and, wherever they are found to be open from the settling 
of the arch, they should be filled up with soft-tempered mortar, 
and by driving in pieces of hard slate. The capping may be va- 
riously formed of rubble, brick, or beton. Where the arches are 
exposed to the filtration of rain water, as in those used for bridges, 
ana the casemates of fortifications, the capping should be of beUnr 
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bid in layers, and well ranuned with the usual precautions foe 
obbuning a solid homogeneous mass. 

466. The difficulty of forming water-tight cappings of nuison- 
ry has led engineers, within a few years back, to try a coating of 
asphalte upon the surface of beton. The surface of the beton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thoroughly cjry before the asphalte 
is laid. Asphalte is usually laid on in twc layers. Before apply* 
ing the first, the surface of the beton should be thoroughly 
cleansed of dust, and receive a coating of mineral tar applied hot 
with a swab. This application of hot mineral tar is said to pre* 
yent the formation of air bubbles in the layers of asphalte which, 
when present, permit the water to percolate through the masonry. 
The first layer of asphalte is laid on in squares, or thin blockj, 
care being taken to form a perfect union between the edges of 
the squares by pouring the hot liquid along them in forming each 
new one. The surface of the first layer is made uniform, and 
rubbed until it becomes smooth and hard with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for the first, the squares breaking joints with those of the first* 
Fine sand is strewed over the surface of the top layer, and pressed 
Into the asphalte before it becomes hard. 

Coverings of asphalte have been used both in Europe and in 
our military structures for some years back with decided success. 
There have been failures, in some instances, arising in all prob* 
abiUty either irom using a bad material, or from some fault of 
workmanship. 

467. In a range of arches, like those of bridges, or casemates, 
the capping of each arch is shaped with two inclined surfaces, 
like a common roof. The bottom of these surfaces, by their 
junction, form gutters where the water collects, and from which 
It is conveyed ofi" in conduits, formed either of iron pipes, or of 
vertical openings made through the masonry of the piers which 
communicate with horizontal covered drains. A small arch of 
sufficient width to admit a man to examine its interior, or a square 
culvert, is formed over the gutter. When the spaces between the 
head walls above the capping is filled in with eartli, a series of 
drains running from the top, or ridge of the capping, and leading 
mto the main gutter drain, should be formed of brick. They 
may be best made by using dry brick laid flat, and with intervals 
left for the drains, these being covered by other courses of dry 
brick with the joints in some degree open. The earth is filled in 
upon the upper course of bricks, which should be so laid as to 
form a uniiorm surface. 

468. When the space above the capping is not filled in with a 
uolid mass, for the purpose of receiving the 'veight borne by tht 



160 



MASONRY. 



arches, walls of a requisite height may be built parallel (c the 
head walls, and these may serve either as the piers of small 
arches, (Fig. 50,) upon which the weight borne directly rests, or 




Fig. 50— ReprMentB a section thioiuli 
a pier and the heads of an archf 
showing the manner in which small 
arches are built on piers C, C, paral- 
lel to the head walb B, tosustam thi« 
load above the arch 



else be covered by strong flat stones to effect the same object 
In this last case (Kg. 51 ) the walls may be made lighter by form 
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Fig. 51— Represents a cross sectioii 
of the parts of two arches, and the 
pier A, showing the manner in 
which walls B, with arched open- 
ings C, C through them are tmilt 
parallel to the heads, to receive the 
flat stones a, a which support the 
load above the arches. 



m^ arched openings through them, or else a system of small right 
cjnindrical groined arches may be used. All of these methods are 
in use in bridge building for sustaining the roadway, and also in 
roofing arched edifices. They throw less weight upon the abut- 
ments and piers of the arches than would a filUng of solid ma- 
terial. 

469. From observations taken on the manner in which large 
cylindrical arches settle, and experiments made on a small scale, 
it appears that in all cases of arches where the rise is" equal to 
or less than the half span they yield (Fig. 52) by the crown of 
the arch falling inward, and thrusting outward the lower portions, 
presenting five joints of rupture, one at the key stone, one on each 
side of it which limit the portions that fall inward, and one on 
each side near the springing Unes which limit the parts thrust 
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ontward. In pointed archeB, or those in which the rise is greater 

Fig. 6ft— BepraeantB the maaser In which fiaX arches yield 

by mptnre. 
o. Joint of rapture at the hey stone, 
fiif m. Joints of rnptare below the key stone, 
n ft, 9^ Joints of rapture at springing lines. 



than the half span, the tendency to yielding is, in some cases, 
different ; here the lower parts may fall inward, (Fig. 63,) and 
thmst upward and outward the parts near the crown. 





Fig. 68— Bepresents the manner in which pointed arches 

may yield. 
The letters refer to same points as in Fig. 68. 



470. From this movement in arches a pressure arises against 
the key stone, termed the horizontal thrust of the arch, the- 
tendency of which is to crush the stone at the key, and to over-- 
turn the abutments of the arch, causing them to rotate about 
the exterior edge of some one of their horizontal joints. 

471. The joints of rupture below the key stone vary in arch- 
es of different forms, and in the same arch with the weight it sus- 
tains. From experiments, it appears that in full centre arohes 
the joints in question me^e an angle of about 27° with the 
horizon ; in segment arches of arcs less than 120° they are- at 
the springing lines ; and in oval arches of three centres they are 
found about the angle of 45° of the small arc which, forms the 
extremity of the curve at the springing line. 

472. T?he calculation of the joints of rupture j, the- consequent 
horizontal thrust, and its effects in crushing the stone at the 
key and in overtaming the abutment are problems of conside- 
rable mathematical intricacy. When the joints of rupture are 
given the problem assumes a more simple form, being one of 
statical equilibrium between the moments of the horizontal 
thrust and the weight of the arch and its abutments. 

The problem for finding the joints of rupture by calculation, 
and the consequent thickness of the abutments necessary to 
preserve the arch from yielding, has been solved by a number 
of writers on the theory of the equilibrium of arches, and tables- 
for effecting the necessary numerical calculations have been, 
drawn up from their results to abridge the labor in each case. 

473. The connection between the top of the abutment, term- 
ed the import of the arch, and the bottom courses of the arch, 

21 
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requires peculiar care in Begmental, askew, and rampaut archea. 
In the first, the thrust of the arch being very great, it will be 
well, in heavy arches, to make the joints of the interior courses 
of the abutment, for some courses at least below the impost, ob- 
lique to the horizon to counteract any danffer from slidine. The 
top stone of the abutment, termed the cushion atone of the arch, 
should be well bonded with the stones of the backing, and its bed, 
or bottom joint should be so far below the impost joint, that the 
stone shall offer suflBlcient strength to resist tne pressure on it 

In the a^kew arch the abutments are not umformly loaded, 
and the entire thrust of the arch will not be received by the 
abutments if the arch is constructed in the usual manner. Each 
of these points requires peculiar attention ; the firet demanding 
the thicKuess of tne abutment to be suitably regulated ; the se- 
cond that the arch be so built that the thrust may be thrown, as 
nearly as practicable, parallel to the planes of the heads. To 
effect this last point, the portion of the arch above the upper 
joints of rupture (Fig. 54,^ must be divided into several zones, each 
of these zones being built without any connection with the two 
adjacent to it, but with their ends so arranged that this connec- 
tion may be formed, and the arch made continuous after tlie 




Fiff. 54— Represeots the derelopineBt of half of th« 
soffit of an oblique cylindrical arch with helicoidal 
Joints, showing the divisions of the soffit into lonea 
A, B, 0, D hj a series of heading Joints ma laid opea 
without mortar. 

ar5, development of onrve of obliqae section. 

ee. one of the edges of the ooarving Joints perpendicu- 
lar to the right line <«. 

ad^ springing Une of arch. 



centres are struck. By this plan the settling will take place 
after uncentring without causing cracks, and the thrust will be 
thrown on the abutments in the direction desired. 
^ In rampant arches, the impost joint beinff oblique to the ho- 
rizon, care must be taken, if this obliquity be not less than the 
angle of friction of the stone used, either to cut the impost into 
steps, or else to use some suitable bond, or iron cramps and 
bolts to prevent disjunction between the arch and abutment 

474. The abutments of right and of slightly oblique cylindri- 
cal arches are made of uniform dimensions ; but when the ob 
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Lqutty is considerable, it may be necessary to increase the thick 
ness of a portion of each abutment where there is the greatest 
pressure. 

In conical and conoidal arches the abutments will in like man 
ner vary in dimensions with the span. 

475. In cloistered arches the abutments will be less than in an 
ordinary cylindrical arch of the same length; and in groined 
nches, in calculating the resistance offered by die abutments, 
(he counter resistance offered by the weight of one portion in 
resisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be 
of considerable heiffht, and therefore would demand extraordinary 
thickness, if used aJone to sustain the thrust of the arch, they may 
be strengthened by the addition to their weight made in carrying 
them up above the imposts like the battlements and pinnacles in 
Gothic architecture ; oy adding to them ordinary, iuil, or arched 
buttresses, termed ^ytn^ buttresses ; or by using ties of iron con- 
necting the voussoirs near the joints of rupture below the key 
stone. The employment of these different expedients, their forms 
and dimensions, will depend on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den from riew except in the plate-bande, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
oiher expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the lower courses of the dome and 
relieving the abutment from the thrust 

477. when abutments sustain several arches above each other, 
like relieving arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ; and the several por- 
tions between each tier must be strong enough to resist the thrust 
of their corresponding arches. 

478. In a range of arches of unequal size, the piers will have 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the form and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequal 
arches. 

479. Precautions against Settling. One of the most difficult 
and important problems in the construction of masonry, is that 
of preventing unequal settling in parts which require to be con- 
nected but sustain unequal weights, and the consequent ruptures 
jB the masses arising from this cause. To obviate this dimculty 
requires on the part of the engineer no small degree of practical 
tact. Several precautions must be taken to diminish as far as 
practicable the danger from unequal settling. Walls sustaining 
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heavy vertical pressu/es should be built up uniformly, atd with 
great attention to tlie bond and correct fitting of the courses. The 
materials should be unifonii in quality and size ; hydraulic mor- 
tar should alone be used ; and the permanent weight not be laid 
on the wall until the season after the masonry is laid. As a far- 
ther precaution, when practicable, a trial weight maybe laid upon 
the wall before loading it with the permanent one. 

Where the heads of arches are built into a wall, particularly 
if they are designed to bear a heavy permanent weight, as an 
embankment of earth, the wall should not be carrried up higher 
than the; imposts of the arches until the settling of the latter has 
reached its final term ; and as there will be danger of disjunction 
between the pier» of the arches and the wall at the head, from 
the same cause, these should be carried up independently, but so 
arranged that their after-union may be conveniently effected. It 
would moreover be always well to suspend the building of the 
arches until the season following that in which the piers are 
finished, and not to place tlie permanent weight upon the arches 
until the season following their completion. 

480. Pointing. The mortar in the joints near tlie surfaces of 
walls exposed to the weather should be of the best hydraulic 
lime, or cement, and as this part of the joint always requires to 
be carefully attended to, it is usually filled, or as it is termed 
pointed, some time after the other work is finished. The period 
at which pointing should be done is a disputed subject among 
builders, some preferring to point while the mortar in the joint is 
still fresh, or green, and others not until it has become hard. 
The latter is the more usual and better plan. The mortar for 
pointing should be poor, that is, have rather an excess of sand ; 
the sand should be of a fine uniform grain, and but Uttle water 
be used in tempering the mortar. Before applying the pointing, 
the joint shoulcl be well cleansed by scraping and brusliing out 
the loose mtatter^ and then be well moistened. The mortar is 
applied with a suitable tool for pressing it into the joint, and its 
surface is rubbed amjooth with an iron tool. The practice among 
our military engineers is to use the ordinary tools for calking in 
applying pointing ; to calk the joint with tiie mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To obtain pointing tliat will withstand the vicissitudes of our cli- 
mate is not the least of the difHculties of the builder's art. The 
contractioik and expansion of the stone either causes the pointing 
to crack, or else to separate from the stone, and the surface water 
penetrating into tlie cracks thus made, when acted upon by frost 
throws out the pointing. Some have tried to meet this difficulty 
by giving the surface of the pointing such a shape, and so ar 
ranging it with respect to the surfaces of the stones forming the 
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|oint, that the water shall trickle over the pointing without enter- 
ing the crack which is usually between the bed of the stone and 
the pointing. 

481. The term flash pointing is sometimes applied to a coat* 
ing of hydraulic mortar laid over the face, or back of a wall, to 
preserve either the mortar joints, or the stone itself from the action 
of moisture, or the eflfects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
coarse sand, and oe applied in a single uniform coat over the sur- 
face, which should be prepared to receive the stucco by having 
the joints thoroughly cleansed from dust and loose "mortar, and 
being well moistened. 

No pointing of mortar has been found to withstand the effects 
of weather in our climate on a long line of coping. Within a few 
years a pointing of asphalte has been tried on some of our mili- 
tary works, and has given thus far promise of a successful issue. 

482. Stucco exposed to weather is sometimes covered with 
paint, or other mixtures, to give it durabihty. Coal tar has been 
tried, but without success in our chmate. M. Raucourt de 
Charleville, in his work Traits des Mortiers, gives the following 
compositions for protecting exposed stuccoes, which he states to 
succeed well in all climates. For important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax. For common works, one part of linseed oil, one 
tenth of its weight of litharge, and two or three parts of resin. 

The surfaces must be thoroughly dry before applying the 
compositions, which should be laid on hot with a brush. 

483. Repairs of Masonry. In effecting repairs in masonry, 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaned off wherever it is injured along the 
surface where the junction is effected. The bond and other ar- 
rangements will depend upon the circumstances of the case ; the 
surfaces connected should be fitted as accurately as practicable, 
so that by using but little mottar, no disunion may take place 
from settling. 

484. An expedient, very fertile in its applications to hydraulic 
constructions, nas been for some years in use among the French 
engineers, for stopping leaks in walls and renewing the beds of 
foundations which nave yielded, or have been otherwise removed 
by the action of water. It consists in injecting hydraulic cement 
into the parts to be filled, through holes drilled through the ma- 
sonry, by means of a strong syringe. The instruments used for 
this purpose (Fig. 55) are usually cylinders of wood, or of cast 
iron ; the bore uniform, except at tne end which is terminated 
with a nozle t f the usual conical form ; the piston is of wood 
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and is diiven dovfii by a heavy mallet. In asing the apmgt ii 
is adjusted to the hole ; the hydraulic cement in a semi-fluic^ 




Fif . 55— RepreBento the arrangeaientB for jb 
jecting hydraulic cement under a wall. 

A, section of the wall with vertical holea c, e 
drilled through it 

B, syringe and piston for ii^iecting the cemenf 
into the space C under the walT 



State poured into it ; a wad of tow, or a disk of leather being in- 
troduced on top before inserting the piston. The cement is 
forced in by repeated blows on the piston. 

485. A mortar of hydrauHc lime and fine sand has been used 
for the same purpose ; the lime being eround fresh from the kiln, 
and used before slaking, in order that oy the increase of volume 
which takes place from slaking, it might fill more compactly all 
interior voids. The use of unslaked lime has received several 
ingenious appUcations of this character ; its after expansion may 
prove injurious when confined. The use of sand in mortar for 
mjections has by some engineers been condemned, as from the 
«^ate of fluidity in which the mortar must be used, it settles to 
the bottom of the syringe, and thus prevents the formation of a 
homogeneous mass. 

486. Effects of Temperature 6n Masonry, Frost is the most 
powerfiil destructive agent against which the engineer has to 
guard in constructions or masonry. During severe winters in the 
northern parts of our country, it has been ascertained, by obser- 
vation, that the frost will penetrate earth in contact with walls to 
depths exceeding ten feet ; it therefore becomes a matter of the 
first importance to use every practicable means to drain thoroughly 
all tlie ground in contact with masonry, to whatever depths the 
foundations may be sunk below the surface ; for if this precau- 
tion be not taken, accidents of the most serious nature may hap- 
pen to the foimdations from the action of the frost. If watei 
collects in any quantity in the earth around the foundatiouc, il 
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may be necessary to make small covered drains under them to 
convey it off, ana to place a stratum of loose stone between the 
sides of the foundations and the surrounding earth to give it a 
free downward passage. 

Tt may be laia down as a maxim in building, tliat mortar which 
is exposed to the action of frost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a stronger light what has already been remarked, on the necessity 
of laying the foundations and the structure resting on them in hy- 
draulic mortar, to a height of at least three feet above the ground ; 
for, although the mortar of the foundations might be protected 
from the action of the frost by the earth around them, the parts 
immediately above would be exposed to it, and as those parts at- 
tract the moisture from the ground, the mortar, if of common 
lime, wouki not set in time to prevent the action of the frosts of 
winter. 

In heavy walls the mortar in the interior will usually be se- 
emed from the action of the frost, and masonry of this character 
might be carried on until freezing weather commences ; but still 
in all important works it will be by far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of frost. 

During the heats of summer, the mortar is injured by a too 
rapid drying. To prevent this the stone, or brick, should be 
thoroughly moistened before being laid ; and afterwards, if the 
weather is very hot, the masonry should be kept wet until the 
mortar gives mdications of setting. The top course should al- 
ways be well moistened by the workmen on quitting their work 
for any short period during very warm weather. 

The effects produced by a high or low temperature on mortar 
in a green state are similar. In the one case the freezing of the 
water prevents a union between the particles of the lime and 
sand ; and in the other the same arises from the water being 
rapidly evaporated. In both cases the mortar when it has set is 
weak and pulverulent. 
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FRAMING. 

487. Framing is the art of arranging beams of solid materlaif 
for the various purposes to which they are applied in strucluies. 
K frame is any arrangement of beams made for sustaining strains. 

488. That branch of framing which relates to the combinations 
of beams of timber is denominated Carpentry. 

489. Timber and iron are the only materials in common use 
for frames, as they are equally suitable to resist the various 
strains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
farther advantage of being susceptible of receiving the most suit- 
able forms for strength without injury to the material ; while tim- 
ber, if wrought into the best forms lor the object in view may, in 
some cases, be greatly injured in strength. 

490. The object to be attained in framing is to give, by a suit- 
able combination of beams, the requisite degree of strength and 
stiffness demanded by the character of the structure, united with 
a lightness and an economy of material of which an arrangement 
of a massive kind is not susceptible. To attain this end, the 
beams of the frame must be of such forms, and be so combined 
that they shall not only offer the greatest resistance to the efforts 
they may have to sustain, but shall not change their relative po- 
sitions from the effect of these efforts. 

491. The forms of the beams will depend upon the kind of 
material used, and the nature of the strain to which it may be 
subjected, whether of tension, compression, or a cross strain. 

492. The general shape given to the frame, and the combina 
tions of the beams for this purpose, will depend upon the object 
of the frame and the directions in which the efforts act upon it. 

In frames of timber, for example, the cross sections of eacn 
beam are generally uniform throughout, these sections being 
either circular, or rectangular, as these are the only simple forms 
which a beam can receive without injury to its strength. In 
frames of cast iron, each beam may be t^ast into the most suitable 
form for the strength required, and the economy of the material. 

493. In combining the beams, whatever may be the general 
shape of the frame, me parts which compose it must, as far as 
practicable, present* triangular figures, each side of the triangles 
oeing formed of a single beam ; the connection of the beams at 
the angular points, termed ihe joints^ being so arranged that nc 
yielding can take place. In all combinations, therefore, in which 
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the principal beams fonn polygonal figures, secondary beami 
must be added, either in the directions of the diagonals of the 
polygon, or so as to connect each pair of beams forming an angle 
of the polygon, for the purpose of preyenting any change of form 
of the figure, and of giving the frame the reouisite stiffness. 
These secondary pieces receive the general appellation of braces. 
When they sustain a strain of compression they are termed struts; 
when one of extension, ties. 

494. As one of the objects of a firame is to transmit the strain 
it directly receiyes to firm points of support, the beams of which 
it is formed should be so combined that this may be done in the 
way which shall have the least tendency to change the shape of 
the frame, and to fracture the beams. These conditions will 
be best satisfied by giving the principal beams of the frame a 
position such that the strains they receive shall be transmitted 
through the axes of the beams to the fixed supports ; in this man- 
ner there can be no tendency to change the shape of the frame, ex- 
cept so far as this may arise from the contractions, or elongations 
of the bea,ms, caused by the strains ; and as aJl unnecessary 
transversal strains will in like manner be avoided, the resistances 
oflfered bv the beams will be the greatest practicable. 

495. Whenever these conditions cannot be satisfied, the strains 
un the frame should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
other ; and those beams which, from being subjected to a cross 
strain, might be either in danger of rupture, or of being deflected 
to so great a degree as to injure the stability of the frame, should 
be supported by struts abutting either against fixed supports, or 
against points of the frame where the pressure thrown upon the 
strut would have no effect in changing the shape of the frame. 

496. The points of support of a frame may oe either above, or 
below it. In the first case, the frame will consist of a suspended 
system, in which the polygon will assume a position of^ stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the frame, if of a polygonal form, must satisfy 
the essential conditions already enumerated, in order that its state 
of equilibrium shall be stable. 

497. The strength of the frame and that of its parts, and their 
consequent dimensions, must be regulated by the strains to which 
they are subjected. When tlie form of the firame and the direc- 
tion and amount of the strain borne hy it are given, the direction 
and amount of the strain which the different parts sustain can be 
ascertained by the ordinary laws of statics, and, firom these data, 
the requisite dimensions and forms of the parts. 

498. The object of the structure will necessarily decide the 
general shape of the frame, as well as the direction of the straini 

22 
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to which it will be subjected. An examination, therefore, of th« 
frames adapted to some of the more usual structures will be the 
best course for illustrating both the preceding general principles 
and the more ordin^ combinations of the beams and joints. 

499. Frames of Timber, These are composed either entirely 
of straight beams, or of a combination of straight beams and cf 
arches formed by bending straight beams. 

Pieces of crooked timber are used either where the form of the 
parts requires them, or else where a strong connection is necessary 
between straight pieces that form an angle between them. 

500. As has already been stated, the cross section of each 
beam is generally uniform and rectangular. This will, in some 
cases, give more strength than the character of the strain resisted 
may demand ; and will, also, throw a greater amount of pressure 
on the points of support, than if beams of a form more strictly 
adapted to the object in view were used : but it avoids cutting 
the fibres across the grain, or making, as it is termed, grain-cut 
beams, and thereby materially injuring the strength of tne piece. 
This objection, however, is only appUcable to the parts of a frame 
formed of single beams. Wherever several thicknesses of beams 
are required in the arrangement of any part, the advantage may 
be taken of giving the combination the most suitable form for 
strength and lightness combined. 

501.- Frames for Cross Strains. The parts of a frame which 
receive a cross strain may be horizontal, as the beams, or joists of 
a floor; or inclined, as the beams, or rafters which form the inclined 
sides of the frame of a roof. The pressure producing the cross 
strain may either be uniformly distnbuted over the beams, as in 
the cases just cited, arising from the flooring boards in the one 
case, and the roof covering in the other ; or it may act only at one 
point, as in the case of a weight laid upon the beam. 

In all of these cases the extremities of the beam must be firmly 
fixed against immoveable points of support ; the longer side of 
the rectangular section of tne beam should be parallel to the di- 
rection of the strain, on account of placing the oeam in the best 
position for strengtL 

If the distance between the points of support, or the hearing, 
be not great, the framing may consist simply of a row of parallel 
beams of such dimensions, and placed so w asunder as the strain 
borne may require. When the beams are narrow, or the depth 
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cHcn struts of battens may be placed at intervals between each 
pair of beams, in a diagonal direction, uniting the bottom of the 
one with the top of the other, to prevent the beams from twisting, 
or yieldinff laterally. 

When Uie bearing and strain are so great that a single beam 
will not present sufficient strengdi and stiffness, a combination 
of beams, termed a built beam, which may be solid^ consisting 
of several layers of timber laid in juxtaposition, and firmly con- 
nected together by iron bolts and straps, — or open, being formed 
of two beams, with an interval between them, so connected by 
cross and diagonal pieces, that a strain upon either the upper or 
lower beam will be transmitted to the other, and the whole system 
act under the effect of the strain like a solid beam. 

502. Solid built Beams. In framing solid built beams, the 
pieces in each course (Fig. 57) are laid abutting end to end with 

Fig. 57— Reprasente a ■olid built beam 
of three couikm, the iMeoee of 
each coune breakiDg Joints and 
oonflned by iron hoopa. 

a square joint between them, the courses breaking joints to form 
a strong bond between them. The courses are firmly connected 
either by iron bolts, formed with a screw and nut at one end to 
bring the courses into close contact, or else by iron bands driven 
on tight, or by iron stirrups (Fig. 58) suitably arranged with screw 
ends and nuts for the same purpose. 



Fiff. SS-Repreaents an iron ttlmip, or hoop a with nnti or femala 
serawB e which confine the ctoh piece of the itiinip b 



When the strain is of such a character that the courses would 
be liable to work loose and slide along their joints, the beams of 
tlie different courses may be made with shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other ; or shallow rec- 

-RepreeentB a soli 

of three ooonee amingi 

with indenta and oonfiiied bir iroB 

hoops. 
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Fig. 00 •Represents a solid baflt beam, the 
against a broad Sat iron ^ 



pait being of two^eoea*, b which afant 



a, tenned a kin^ 

lang'jlar notclies (Fig. 61) may be cut across each beam, being 
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f o placed as to receive blocks, or keys of hard wood. The keyi 
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:. 61-~RepKaente a solid biill 
with keys fr, fr of hud ▼-)»: 



— between the ocAinee. 



are sometimes made of two wedge-shaped pieces, (Fig. 62,) for 



I 




X Piff. ffiB^Reprennti the keyi in the fonn of 
1 double, or folding wedgea a, b let into a ihal* 
Si, low notch in the Deamc. 



the puipose of causing them to fit the notches more closely, and 
to admit of being driven tight upon any shrinkage of the woody 
fibre. 

The joints between the courses may be left slightly open 
without impairing in an appreciable degree the strength of the 
combination. This is a good method in beams exposed to mois^ 
ture, as it allows of evaporation from the free circulation of the 
air through the joints. Felt, or stout paper saturated with min- 
eral tar, has been recommended to secure the joints from the 
action of moisture. The prepared material is so placed as to 
occupy the entire surface of the joint, and the wnole is well 
screwed together.' 

503. Open built Beams. In framing open built beams, the 
principal point to be kept in view is to form such a connection 
between the upper ana lower soUd beams, that they shall be 
strained uniformTy by the action of a strain at any point between 
the bearings. This may be efiected in various ways, (Fig. 63.) 

Fig. 63— Repreeenti an open 
built beam: A and B are 
the top and bottom rails or 
■tringB '^ a, a, croBB pieoMi 
either smgie or in pain; fr, 
diagonal braoee in pairs; e, 
single diagonal braces. 

The upper and lower beams may consist either of single beams, 
or of solid built beams ; these are connected at re^lar intervals 
by pieces at right angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of all the 
parts of the frame will be preserved, and the strain at any point 
will be brought to bear upon the intermediate points. 

Two of the best known applications of this combination, when 
timber alone is used, are those of Colonel Long, of the U. S. 
Topographical Engineers, and of the late Mr. Town. 

504. That of Colonel Long (Fig. 64) consists in forming botli 
the upper and lower beams, termed by the inventor the strings^ 
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of three paraDel beams, sufficient space being left between tke 
one in the centre and the other two to insert the cross piecesi 







Fig. 64— RepreBentB a panel of Long's tim. 

A and B, top and txiUpoi strings ofthree oonnee. 

C, C, posts in paixB. 

D, braces in pain. 

E, counter brace single. 

a, a. mortises when) jibs and keys are inserted 
r»jib and key of hard wood. 

termed the posts ; the posts consist of beams in pairs piaced at 
suitable intervals along the strings, with which they are connected 
by wedge blocks, termed jibs and keys^ which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
sponding shallow notch cut into each post. A diagonal piece, termed 
a bracey connects the tqp of one post with the foot of the one ad- 
jacent by a suitable joint. Another diagonal piece, termed the 
counter-bracey is placed crosswise between the two braces and 
their posts, with its ends abutting against the centre beam of the 
upper and lower strings. The counter-braces are coimected 
with the posts and braces by wooden pins, termed tree-nails. 

In wide bearings, the strings will require to be made of several 
beams abutting end to end ; in this case the beams must bieab 
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'omts, and short beamn must be inserted between the centre afid 
exterior beams wherever the joints occur, to strengtlien them. 

The beams in this combination are all of uniform cross section, 
the joints and fastenings are of the simplest kind; and the parti 
are well distributed to call into play the strength of the strings, 
and to produce uniform stiffness and strain. 

505. The combination of Mr. Town (Fig. 65) consists in two 



Fig. ftS^Represento an 6levatSon A, and end ymw 

B, of a portion of Town's Iran. 
0, n, top firings. 
h, b^ bottom strings, 
c, c, diagonal braces 



main strings, each formed of two or three parallel beams of two 
thicknesses breaking joints. Between the parallel beams are in- 
serted a series of diagonal beams crossing each other. These 
diagonals are connected with the strings and with each other by 
tree-nails. When the strings are formed of three parallel beams, 
diagonal pieces are placed between the centre and exterior beams, 
and two intermediate strings are placed between the two courses 
of diagonals. 

This combination, conmionly known as the lattice truss, is of 
very easy mechanical execution, the beams being of a uniform 
cross section and length. The strains upon it are borne by the 
tree-nails, and when used for structures subjected to variable 
strains and jars, it loses its stifihess and sags between the points 
of support It is more recommendable for its simplicity than 
scientific combination. 

506. A third method, called after the patentee, How^s tru.o, 
has within a few years come into general notice. It consists of 
(Fig. 66) an upper and lower strinff, each formed of several thick- 
nesses of beams placed side by side and breaking joints. On the 
upper side of the lower string and the lower side of the upper, 
blocks of hard wood are inserted into shallow notches ; the blocks 
are bevelled off on each side to form a suitable point of support, 
or step for the diagonal pieces. One series of the diagonal pieces 
are arranged in pairs, the others are single and placed between 
those in pairs. Two strong bolts of iron, whicn pass through 
the blocks, connect the upper and lower strings, and are arranged 
with a screw cut on one end and a nut to draw the parts closely 
together. 

This combination presents a judicious arrangement of the parts 
The blocks give abutting surfaces for the braces superior to those 
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obtained by the ordinary forms of joint for this purpose. The 
bolts replace adyantageousiy the timber posts, and in case of the 




Fig. 68— RejmMDli 
an elevation of • 
m of Howe'a 



pcttion 



a, top string.. 

b, bottom stnnn. 

e, c, diagonal DraoM 

in paim. 
dj tingle braces, 
e, e, stops of haxd 

wood for braces. 
/,/, iron rods witli 

nuts and screws 



trame working lOOse and saggii^, their arrangement for tighten* 
ing up the parts is simple and emcacious. llie timber of each 
string is not combined to give as great strength as its cross sec- 
tion is susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
resistance, has received a greater cross section than that of the 
upper. 

The preceding combinations have been applied generally in 
our country to bridges. In this application, the timber support- 
ing the roadway of the bridge is usually placed on the lower 
strings ; two, three, or four built beams being used, as the case 
may require, for supporting the transverse beams under the road- 
way, tlie centre beams leaving an equal width of roadway between 
them and the exterior beams. 

607. Framing far intermediate Supports. Beams of ordinary 
dimensions may be used for wide bearings when intennediate 
supports can be procured between the extreme points. 

The simplest and most obvious metliod of effecting this is to 
fi:ace uprignt beams, termed props, or shores, at suitable intervals 
under the supported beam. 

When the props would interfere with some other arrangement, 
and points of support can be procured at the extremities below 
those on which the beam rests, inclined struts (Fig. 67) may be 
uried. The struts must have a suitably formed step at the toot, 
a:> J be connected at top with the beam by a suitable joint. 

In some cases the oearing may be diminished by placirg oa 
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Fig. 07— Represents a horizontal beam C flip* 
ported near the middle bf inclined itnii 



the points of suppirt «1 ort pieces, termed corbels^ (Fig. 68,) md 
supporting these near tl^er ends by struts. 




Fig. 68— Represents a 
horizontal beam e sup- 
ported bv vertical pod 
a, a, with corbel pie 
ces il, tf and inclined 

StrotS Ci e to Himiniah 

thebeaiing. 



In other cases a portion of the beam, at the middle, may be 
strengthened by placmg under it a short beam, called a straining 
beam, (Fig. 69,) against the ends of which the struts abut. 





Fig. 6»— Represents a 
horizontal beam e, 
streni^ened br a 
straining beam /and 
inclined struts «, e. 



Whenever the bearing may reouire it the two preceding ar- 
rangemenu (Fig. 70) may be used in connection. 





Fg. 70— Re- 
pieeentB a 

combinatioii 
of Figa 68 
and 69. 



In all combinations with struts, a lateral thrust will be thrown 
on the point of support where the foot of the strut rests. This 
strain must be provided for in arranging the strength of the sup- 
ports. 

508. When intermediate supports can be procured only above 
the beam, an arrangement must be made which shall answer the 
purpose of sustaining the beam at its intermediate points by s\i8- 
pension. The combination will depend upon the number of iii- 
tennediate pomts required. 
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When the beam requires to be supported only at the middle, 
it may be done by placing two inclmed pieces, resting on the 
beam at its extremities, and meeting unaer an angle above it, 
from which the middle of the beam can be suspended by a rod of 
iron, or by another beam. If the suspending piece be of iron, it 
must be arranged at one end with a screw and nut. When the 
support is of timber, a single beam, called a kingpost^ (Fig. 71,) 



Fig. 71 — ^B«pr686Dt8ahorl* 
zonUl beam c sapportod 
in Its middle by a king 
post g suspended flrom 
tlie stmts «, s. 



may be used, against the head of which the two inclined pieces 
may abut ; the foot of the post is connected with the beam by 
a bolt, an iron stirrup, or a suitable j oint. Instead of the ordinary 
kin^ post, two beams maybe used ; these are placed opposite to 
eacn other and bolted together, embracingbetween them the sup- 
ported beam and the heads of the inclined beams which fit into 
shallow notches cut into the supporting beams. Pieces arranged 
in this manner for suspending portions of a frame receive the 
name of susj^enaion pieces^ or tricUe jneoes. 

When two intermediate points of support are required, they may 
be obtained by two inclined pieces resting on the ends of the 
beam and abutting against the extremities of a short horizontal 
straining beam, (Fig. 72.) The suspension pieces in this case 



F1& 79— Beprosents a beam 




supported at two points hf 
posts Qy g suspended from the 
stmts «, e and straining beam 



may be either posts, termed queen mst»^ arranged like a king 
post, iron rods, or bridle pieces. Ijiis combination may be used 
for very wide bearings, (Fig. 73,) by suitably increasing the num- 
ber of inclined pieces and straining beams. 

Some of the preceding combinations may be used for support- 
ing one end of abeam subjected to across strain when the other 
has a fixed point of support. This may be done either by an in- 
clined strut beneath, or an inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted to- 
gether and embracing the beam. 

23 
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Fig. T8— B«preMnt8 a beam c snspended from a oomUBatlon of atruts aad strain- 
ing beams \>j posts g^ g. 

509. The clasaificationB under the two preceding heads repre- 
sent the principal combinations of straight beams applied to the 
purposes of framing. The frame of an ordinary roof presents one 
of the simplest combinations by which the action of uie different 
parts of a frame may be illustrated. 

A roof of the ordinary form consists of two equally inclined 
sides of metal, slate, or other material, which is attached to a 
covering of boards that rests upon the frame of the roof. The 
frame consists of several vertical frames, termed the trusses of 
the roof, which are placed parallel to and at suitable intervals 
from each other; these receive horizontal beams termed 2>wrZin*, 
which rest upon them and are placed at suitable intervals apart^ 
and upon the purlins are placed inclined pieces termed theTon^ 
rafters^ to which the boards are attached. 

The truss of a roof, for ordinary bearings, consists (Fig. 74) 




Y\^. 74— Represents a roof trass for medlnm spans. 

a, tlo beam of truss. , ^ , ^ » ^.^ , 

\ &, principal rafters framed into tie beam and the king post o, and oonflned at their 

foot by an iron strap, 
d, df strnts. 
«, «, purlins supporting the oommon rafters// 

of a horizontal beam termed the iJie heam^ with which the inclined 
beams, termed thejprincwal rafters^ are connected by suitable 
joints. The principal rafters may either abut againsteach other 
at the top or ridge^ or against a king post. Inclined struts are 
in some cases placed between the principal rafters and kingpost, 
with which they are connected by suitable joints. 
For wider bearings the short rafters (Fig. 75) abut against a 
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straining beam at top. Qiieen posts connect these pieces with 
the tie-beam. A king post connects the straining beam witn the 

Fig. 75— Bepresents a roof trow for wido 

spans, 
a, tie beam. 
9, &, principal rafters. 
0, short rafters abattlng against the stratniag 

beam d, 
• and/ king and queen posts in pairs. 
fft On porUna supporting common rafters K 

top of the short rafters ; and stmts are placed at suitable points 
between the rafters and kin^ and queen posts. 

In each of these combinations the weight of the roof covering 
and the frames is supported by the points of support. The prin- 
cipal rafters are subjected to cross and lonptudinal strains, arising 
from the weight of the roof covering and Irom their reciprocal ac- 
tion on each other. These strains are transmitted to the tie beam, 
causing a strain of tension upon it. The struts resist the cross 
strain upon the rafters and prevent them from sagging ; and the 
king ana queen posts prevent the tie and s trainingbeams from sag- 
png and ^ve points of support to the struts. The short rafters 
anastrainingbeam form points of support which resist the cross 
strain on the principal rafters, and support the strain on the queen 
posts. 

510. Wooden Arches. A wooden arch may be formed by 
bending a single beam (Fig. 76) and confining its extremities to 



Fig. Tfr—Bepresents athorfoontal beam 
c supported at its nliddle point b7 a 
bent beam b. 



prevent it from resuming its original shape. A beam in this 
state presents greater resistance to a cross strain than when 
straight, and may be used with advantage where great stiffiiess is 
required, provided the points of support are of sufficient strength 
to resist tne lateral thrust of the beam. This method can be 
resorted to only in narrow bearings. 

For wide arches a curved built beam must be adopted ; and 
for this purpose a solid, (Figs. 77 and 78,) or an open built beam 
mav be used, depending on the bearing to be spanned by the 
arcn. In eilJier case the curved (beams are built in the same 
manner sis straight beaatfis, the pieced of which they are formed 
bein^ suitably^ bent to conform t& the curvature of the arch, which 
may be done either by steaming the pieces, by mechanical power, 
or by the usual method of softening the woody fibres by keeping 
the pieces wet while subjected to the heat of a light blaze. 
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yif. TT— BcprweDts a woodfU trdi A fcrmed of a lolld Vvllt beam of Uitm 
eooiMt which toppofft tlM bMOM«, bj tte pom f. 9 wkieh an ftiraMdor 
placM la paiiik 

ft, V^diB^d strati to UraHthoB tho weh bj lalioTli^ It oT a part oT tha 
load oo tha baama e, & 




FIk. 7S— Bapresents a. wooden areb of a toUd boflt beam A wbleb eapporta 
ue borixontal beam B by mMW of the poets a, a. The areh la let into 
the beam B which acts as a tie to conflne its eztremitieib 

Wooden arches may also be formed by fastening together ser- 
eral courses of boards, giving the firame a polygonal form, (Fig. 
79,) corresponding to the desired curvature, and then shaping the 




llf. 7^— Bepreseata aa eleradon A of a woodaa 

arch formed of short piaeea a^ b which abut 

end to end and break joints. 
B represents a perapectiTe rlewof thiseombina< 

tion. showing the manner in which the parts 

are keyed together. 



outer and inner edges- of the arch to the proper curve. Ei>ch 
course is formed of boards eut into Aarp lengths^ depending on 
the curvature required ; these pieces abut end te-end, the jounts 
being in the direction of the radii of curvature, and the pieces 
composing the diiferent courses break joints with each other. 
The courses may be connected either by jibs and kevs of hard 
wood, or by iron bolts. This method is very suitable for all 
light frame work where the presure borne is not great 

Wooden arches are chiefly used for bridges and roofs. They 
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serve as intermediate points of snppoil; fo*r tlie framing on which 
the roadway rests in tne one ease, and the roof covering in the 
other. In bridges the roadway may lie either aboye the arch, 
or below it j. in either case yertical posts, iron rods, or bridles 
connect the horizontal beams with the arch. 

511. The greatest strain in wooden arches takes place between 
the crown and springing line ; this part shordd, therefore, when 
practicable, be relieved of the pressure that it wonld directly 
receiye from the beams above it by inclined struts, so arranged 
as to throw this pressure upon the lateral supports of the arch. 

The pieces which compose a wooden arch may be bent into 
any curve. The one, howeyer, usually adopted is an arc of a 
circle, as the most simple for the mechanical ponstruction of the 
framing, and presenting all desirable strength. 

612. Centres. The wooden frame with which the youssoirs 
of an arch are supported whUe the arch is in progress of con- 
struction is termed a centre. 

A centre, like the frame of a roof, consists of a number of 
vertical frames (Figs. 80, 81, 82, 83,) termed trusses, or ribs^ 
upon which horizontal beams, termed holsters^ are placed to re- 
ceive the voussoirs of the arch. 

The curved, or hack pieces of a centre on which the bolsters 
rest consist of beams cut into suitable lengths and shaped to the 
proper curvature ; these pieces abut end to end, the joints be- 
tween them being in the direction of the radii of curvature : the 
ioints are usually secured by short pieces, or blocks placed un- 
aer the abutting ends to which the back pieces are bolted. The 
blocks form abutting surfaces for shores, or inclined struts seated 
against firm points of support below the back pieces. To pre- 
vent the shores, or the struts from bending, braces, or bridles, 
which are usually formed of two pieces, each with shallow notches 
cut into ]hem, are added, and embrace between them the 
shores, or struts, tlie whole being firmly connected with iron bolts. 

The combinationsusedforthe&ames of centres will depend up- 
on the position of the points of support and the size of the arches. 



Flc. 80— B«preMnt8 the rib of » eentrt for 

Ught areb4w. 
a, a, rib formed as In Fig. 79. 
&, &, bolster pieces whioh reoetT« fha masonry; 



613. For small light arches (Fig. 80) the ribs may be formed 
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of two or more thicknesses of short boards, firmly nai ed togeth- 
er ; the boards in each course abutting end to endby a iointin the 
direction of the radius of curvature of the arch, ana breaking 
joints with those of the other course. The ribs are shaped to 
the form of the intrados of the arch, io receive the bmsters, 
which are of battens cut to suitable lengths and naHed to the ribs. 
614. For heavy arches with wide spans, when firm interme- 
diate points of support can be procured between the abutments, 
the back pieces (Fig. 81) may be supported by shores placed 

Fig: 81— Bepreeents the 
rib of a centre with in- 
termediate points of sup- 
port 

a, hack pieces of the rib 
which receive the bol- 
sters/ 

&f b^ struts which support 
the back pieces. 

«,«, braces. 

c, solid beam resting en 
the intermediate sup- 
ports (2, (2, which re- 
ceive the ends of the 
struts b, b. 

under the blocks in the direction of the radii of curvature of 
the arch, or of inclined struts (Fig. 82) resting on the points of 





Fig. 89— Bepresents a part of the rib of Orosvenor Bridge over the Dee at Chester. Span 800 

feet 
A, A, intermediate points of support 

ti^a^a^ struts resting upon cast iron sockets on the supports A. 
b, b, two courses of plank each 4)i inches thick bent over the stmts o^ <■« to the ibrm of the ardi, 

the courses breaking Joints. 
«, c, folding wedges laid upon the back pieces b of each rib to receive the bolsters on which the 

vonssoirs are laid. 

support. The shores, or struts, are prevented firom bending by 
braces suitably placed for the purpose. 
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515. If intermediate points of support cannot be obtained, a 
broad framed support must be made at each abutment to receive 
the extremities ot the struts that sustain the back pieces. The 
framed support (Fig. 83) consists of a heavy beam laid either 




Fig. 88— Bepresents a part of a rib of Waterloo Bridge over the Thamea. 

<!« a, and &, three heavy beams, fonninfr the ttriHng plateM, which with the shores h^ h^ form 

the frained support for the stmts of the centre. 
& & struts abutting against the blocks g^ g placed under the Joints of the back pieces/ /! 
a; a, bridle or radial pieces in pairs which are confined at top and bottom between the horizontal 

ties n, n of the ribs, also in pairs. 
«, «, cast iron sockets, 
m, m^ bolsters of the centre resting on the back pieces / 

horizontally, or inclined, and is placed at that joint of the arch, 
(the one which makes an angle of about 30° with the horizon,) 
where the voirteoirs, if unsupported beneath, would slide on 
their beds. This beam is borne by shores which find firm points 
of support on the foundations of the abutment 

The back pieces of the centre (Fiff. 83) may be supported by 
inclined struts which rest immediately upon the framea support, 
one of the two struts under each block resting upon one of the 
framed supports, the other on the one on the opposite side, the two 
struts being so placed as to make equal angles with the radius of 
curvature of the arch drawn through the middle point of the 
block. Bridle pieces, placed in the direction of the radius of 
curvature, embrace the blocks and struts in the usual manner 
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and prevent the latter from sagging. This combination presents 
a figure of invariable form, as the strain at any one point is 
received by the struts and transmitted directljr to the fixed points 
of support. It has the disadvantage of requiring beams of great 
lengtn when the span of the arch is considerable, and of present- 
ing frequent crossing of the struts where notches will be re 
quisite, and the strength of the beams thereby diminished. 

The centre of Waterloo Bridge over the Thames (Fig. 83) 
was filmed on this principle. To avoid the inconveniences re- 
suiting from the crossing of the struts, and of building beams 
of sufficient length where the struts could not be procured from 
a single beam, me device was imagined in this work of receiv- 
ing the ends of several struts at the points of crossing into a 
large cast-iron socket suspended by a bridle piece. 

616. When the preceding combination cannot be employed, a 
strong truss, (Fig. 84,) consisting of two inclined struts resting 



Fig. 84— Represents a friiin« 
for a rib in which the two 
inclined etrnts 6, b and the 
Btrainlng beams c form inter- 
mediate Bnpportfi for some of 
the struts that support the 
back pieces a, a, 

# and d are the framed extreme 
supports. 



upon the framed supports, and abutting at top against a strain- 
ing beam, may be formed to receive tne ends of some of the 
struts which support the back pieces. This combination, and 
all of a like character, require that the arch should not be 
constructed more rapidly on one side of the centre than on the 
other, as any inequality of strain on the two halves of the 
centre would have a tendency to change the shape of the frame, 
thrusting it in the direction of the greater strain. 

517. Means vsed for strihmg Ventres, Whfen the arch is 
completed the centres are de^ched from it, or struck. To effect 
this m large centres an arrangement of wedge blocks is used, 
termed the strikmg pUUes^ by means of which the centre may be 
gradually lowered and detached from the soffit of the arch. This 
arrangement consists (Fig. 83) in forming steps upon the upper 
surface of the beam which forms the framed support to receive a 
wedge-shaped block, on which another beam, naving its under 
surface also arranged with steps, rests. The struts of the rib 
either abut against the upper surface of the top beam, or else are 
inserted into cast-iron sockets, termed shoe-plates^ fastened tc 
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tliis surface. The centre is struck by driving back the wedge 
block. 

518. When the struts rest upon intermediate supports be- 
tween the abutments, double, or folding wedges may oe placed 
under the struts, or else upon the back pieces of the ribs under 
each bolster. The latter arrangement presents the advantage 
of allowing any part of the centre to be eased from the sofiit, 
instead of detaching the whole at once as in the other methods 
of striking wedges. This method was employed for the centres 
of Grosvenor Bridge, (Fig. 82,) over the river Dee at Chester, 
and was perfectly successml both in allowing a gradual settling 
of the arch at various points, and in the operation of striking. 

519. Tie% and Braces for detached FrwmeB. When a series 
of frames concur to one end, as, for example, the main beams 
of a bridge, the trusses of a roof, ribs of a centre, &c., they 
require to be tied together and stiffened by other beams to 
prevent any displacement, and warping of the frames. For this 
purpose beams are placed in a horizontal position and notched 
upon each frame at suitable points to connect the whole together; 
wiule others are placed crossing each other, in a diagonal direc- 
tion, between each pair of frames, with which they are united 
by suitable joints, to stiffen the frames and prevent them from 
yielding to any lateral effort. Both the ties and the diagonal 
braces may be either of single beams, or of beams in paii-s, so 
arranged as to embrace between them the part of the frames 
with which they are connected. 

520. Jomts. The form and arrangement of joints will 
depend upon the relative position of the beams joined, and the 
object of the joint. 

Joints may be required for various purposes, either to connect 
the ends of beams of which the axes are in the same right line, 
or make an angle between them ; or the end of one beam widi 
the face of another.; or where the face of one beam rests upon 
that of another. 

In all arrangements of joints, the axes of the beams connected 
should lie in uie same plane in which the strain upon the frame 
acts ; and the combination should be so arranged that the parts 
will accurately fit when the frame is put together, and that 
any portion may be displaced without aisconnecting the rest. 
The simplest forms most suitable to the object in view will 
usually be found to be the best, as offering the most facility in 
obtaining an accurate fit of the parts. 

In adjusting the surfaces of the joints an allowance should be 
made for any settling in the frame which may arise either from 
the shrinking of the timber in seasoning while in the frame, or 
from the fibres yielding to the action of the strain. This is done 

24 
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by leaving sufficient plaj in the joints when the frame is first set 
np, to admit of the parte coming into perfect contact when the 
frame has attained its final settling. Joints formed of plane sur- 
faces present more difficulty in this respect than curved joints, 
as the bearing surfaces in the latter case will remain in contact 
shodd any slight change take place in the relative positions of 
the beams from settling ; whereas in the former a slight settling 
might cause the strains to be thrown upon a comer, or edge ot 
the joint, by which the bearing surfaces might be crushed, and 
the parts of the frame work wrenched asunder from the leverage 
which such a circumstance mi^ht occasion. 

The surface of a joint subjected to pressure should be as 
great as practicable, to secure the parte in contact from being 
crushed by the strain ; and the surface should be perpendicular 
to the direction of the strain to prevent sliding. 

A thin sheet of wrought iron, or lead, may be inserted 
between the surfaces of jointe where, from the magnitude of 
the strain, one of them is liable to be crushed by the other, as in 
the case of the end of one beam resting upon the face of another. 

621. Folding wedges, and pins, or tree-naUsy of hard wood 
are used to bring the surfaces of jointe firmly to lieir bearings, 
and retain the parte of the frame* in their places. The wedges 
are inserted into square holes, and the pins into auger-holes 
made through the parte connected. As the object of these 
accessories is simply to bring the parte connected into close 
contact, they should be carefully driven in order not to cause 
a strain that might crush the fibres. 

To secure jointe subjected to a heavy strain, bolte, straps, and 
hoops of wrought iron are used. These should be placed in the 
best direction to counteract the strain and present the parte from 
separating; and wherever the bolte are requisite fliey should 
be inserted at those pointe which will least weaken the joint 

522. Jamta of Beams vmtedend to end. When the axes of 
the beams are in the same right line, the form of the joint will 
depend upon the direction of the strain. If the strain is one of 
compression, the ends of the beams niay be united by a square 
joint perpendicular to their axes, the joint being secured (Fig.85) 
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Fi^ 88.— Bopreaento the numner in which the end joint of two bettns a and h la llahed oi 
aeoQied Ij aide pieoet c and a bolted to them. 

by four short pieces so placed as to embrace the ends of the 
beams, and being fastened to the beams and to each other by 
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bolts. This arrangement, termed fiahmg a leamj is need only 
for rough work. It miay also be nsed when the strain is one of 
extension ; in this case the short pieces (Fig. 86) may be notched 
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Fig. 86— Bepretents a fiahed Joint In which the aide pieces e and <{ we either let Into the 
beame or Becnred tj keys «, e. 

upon the beams, or else keys of hard wood, inserted into shallow 
notches made in the beams and short pieces, may be employed 
to give additional security to the joint. 

A joint termed a soarf may be used for either of the foregoing 
purposes. This joint may be formed either by halving the beams 
on each other near their ends, (Fig. 87,) and securing the joints 

-A.. 




Fig. 87— SepreeeatB a aearf Joint ieeored by iron plates o, e, keys 4^ d, and boltn 

by bolts, or straps ; or else by so arranging the ends of the two 
beams that each shall fit into shallow triangular notches cut 
into the other, the joint being secured by iron hoops. This last 
method is employed for round timber. 

523. When beams united at their ends are subjected to a cross 
strain, a scarf joint is generally used, the under part of the joint 
being secured by an iron plate confined to the beams by bolts. 
The scarf for this purpose may be formed simply by halvingthe 
beams near their ends ; but a more usual and better form ^ig. 




Fig. 88~-Bepi«aents a scarf Joint for a oro66 strain aeeoMd at bottom bjapteee of timber o 
eonflned to the beama by iron hoops d, d and keys ^ si 

88) is to make the portion of the joint at the top surface of 
the beams perpendicular to their axes, and about one third of 
their depth ; the bottom portion being oblique to the axis, as 
well as the portion joininff these two. 

When the beams are subjected to a cross strain and to one of 
extension in the direction of their axes, the form of the scarf 
must be suitably arranged to resist each of these strains. The one 
shown in Fig. 89 is a suitable and usual form for these objects. A 
folding wedge key of hard wood is inserted into a space left 
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between the parts of the joint which catch when the beams aio 
drawn apart The kej serves to bring the surfaces of the joints 




Flfr 88»B«prMents a aeaif Jotnt trnuig«d to resist a oro« rtraln and one of extension. 
The bottom of the joint is secured bv an Iron plate confined hr bolts. The folding 
wedge key Inserted at o serves to bring all the sarfaoes of the Joints to their bearings. 

to their bearings, and to form an abutting surface to resist the 
strain of extension. In this form of scarf the surface of the 
joint which abuts against the key will be compressed ; the 
portions of the beams just above and below the Key will be 
subjected to extension. These parts should present the same 
amount of resistance, or have an equality of cross section. The 
length of the scarf should be reflated by the resistance with 
which the timber employed resists detrusion compared with 
its resistance to compression and extension. 

624. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one 
beam at the end, and shaping the end of tlie other to fit into it. 

525. Jomtsfor connemna the eixd of one heam with the face 
of (mother, liie joints used for this purpose are termed mortice 
cmd tenon jomte. Their form will oepend upon the angle be- 
tween the axes of the beams. When the axes are perpendicular 
the mortise (Fig. 90) is cut into the face of the beam, and the end 
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Fig. 90— Bepresents a mortiae and tenon Joint 
when the axes of the beams are perpendl- 
ealar to each other. 

a, tenon on the beam A. 

&, mortise In the beamB. 

r, pin to hold the parta together. 



of the other beam is shaped into a tenon to fit the mortise. When 
the axes of the beams are oblique to each other, a triangular 
notch (Fig. 91) is usually cut into Xh^ face of one beam, the sides 
of the notch being perpendicular to each other, and a shallow 
mortise is cut into the lower surface of the notch ; the end of 
die oUier beam is suitably shaped to fit the notch and mortise. 
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Tenon and mortise joints have received a variety of formg. 
Hie direction of the strain and the effect it may produce npon 




Fig. 91— BapKflents a mortise and tenon Joint 
when the axes of the beams are obUqae to 
eaoh other. A notch whose snrihoes ao and 
&o are at right anfrles is cat into the beam B 
and a shallow mortise d is ont below the sor- 
ftce be. The end of the beam A is arranged 
to fit the notch and mortise in B. The joint 
Is eeomred by a screw bolt. 



the joint mnst in all cases regulate this point. In some cases the 
circular joint may be more suitable than those forms which are 
plane surfaces ; in others a double tenon may be better than the 
simple joint 

626. TieJoirUa. These joints are used to connect beams 
which cross, or lie on each other. The simplest and strongest 
form of tie joint consists in cutting a notch in one, or both of the 
beams to connect them securely. But when the beams do not 
cross, but the end of one rests upon the other, a notch of a tra- 
pezoidal form (Fig. 92) maybe cut in the lower beam to receive 
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llig. 92— Beprcaenti an oidlaaiy doTO-tidl joint ieeored bj « 
pin at o. ' 



the end of the upper, which is suitably shaped to fit the notch. 
This, from its shape, is termed a dove-tail joint. It is of fre- 

auent use in joinery, but is not suitable for heavy frames where 
le joints are subjected to considerable strains, as it soon becomes 
loose from the shrinking of the timber. 

527. Iron I^ramea. Oast and wrought iron are both used for 
frames. The former is most suitable where great strength com- 
bined with stiffiiess is required ; the latter ^r light frames and 
wherever the strains act mainly as tensions. 

In iron frames the same general principles of combination 
are applicable as in those of timber, and they admit of the same 
classification as frames of the latter material. 

Cast iron is most easily wrought into the best forms for 
strength. The dimensions of the pieces must, however, be re* 
stricted within certain practical limits, both on account of the 
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labor and expense attendant upon the casting and handling of 
heavy pieces, and the difficulty of procuring them of unitoiin 
quality when of lar^e size. In arranging the component part s of 
an iron frame, uniformity in the shape and dimensions is requi- 
site both for economy and perfection of workmanship ; and as far 
as practicable, the bulk of the diflFerent parts of each piece should 
be the same, in order to avoid the dangers arising from unequal 
shrinking in cooling. 

Wrought iron maybe hammered, or rolled into the most suit- 
able form for strength, but for frames bars of a rectangular sec- 
tion are mostly used. 

The joints in both cast and wrought iron frames are made upon 
the same principles as in those of timber, the forms being adapted 
to the nature of the material ; they are secured by wrought iron 
wedges, keys, bolts, &c- 

528. VramBsfoT Cross St/rams. Solid beams of cast iron, 
moulded into the most suitable forms for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearincs are of a medium width. Solid wrought 
iron beams can be usea with economy for the same purposes 
only for short bearings. 

529. Open cast iron beams are seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are freauently 
used in structures. They may be formed of a top and oottom 
rail connected by diagonal pieces, forming the ordinary lattice 
arrangement ; or a piece bent into a curved form may be placed 




Fig. 98— Bepresents an npen benia of 
wroaglit tron ooosistlBff of a top and 
bottom rail a aad 6, with an lotm^ 
mediate carved piece, the whole 
■eeiired by the pieces e, c in pain 
bolted to thee 

d, «, and / represent the parts cf • 
truss of A carved light roof; con- 
nected with the open beam; and 
nlio the manner in which the wliol* 
are seonred to the walU 



between the rails, or wiy other suitable combination (Fi 
may be used which combines lightness with strength and st^ 
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630. iron Arches. Cast iron arches may be used for the same 
ohjects as those of timber. Tbe frames for these purposes con- 
sist of several parallel ribs of uniform dimensions which are cast 
into an arch form, the ribs being connected by horizontal ties, 
and stiffened by diagonal braces. The weight of the superstruc- 
ture is transmitted to the curved ribs in a variety of ways ; most 
usually by an open cast iron beam, the lowerpart of which is so 
shaped as to rest upon the curved rib, and the upper part suitably 
formed for the object in view. These beams are also connected 
by ties, and stiffened by diagonal braces. 

Each rib, except for narrow spans, is composed nrf several 
pieces, or se^ents, between each pair of whicn thene is a joint 
m tJie direction of the radius of curvature. The firms and di- 
mensions of tbe segments are uniform. The segments fire usually 
eiUier solid, (Fig. 94,) or open plates of uniform thickness, having 




Fig. M— Be»re- 
eenu % 9«raon 
of a oMt Iron 
plate ardh with 
an open oast Iron 



A, Af segrments of 
the arch. 

B, B, panels cX the 
open heam oon- 
nectad at tlia 
Jointa oft. 



a flanch of uniform breadth and depth at each end, and on the 
entrados and intrados. The flanch serves both to give strength 
to the segment and to form the connection between the^egments 
and the parts which rest upon the rib. 

The ribs are connected by tie plates which are inserted be- 
tween the j oints of the segments, and are fastened to the segments 
by iron screw bolts which pass through the end flanches of the 
segments and the tie plate between them. The tie plates may be 
eiUier open, or solid ; the fSormer being usually preferred on ac- 
count of this superior lightness and cheapness. 

The frame work of the ribs is stiffened by diagonal pieces 
which are connected either with the ribs, or the tie plates. The 
diagonal braces are cast in one piece, the arms being ribbed, or 
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feathered^ and tapering from the centre towards the ends in a 
suitable manner to jrive lightness combined with strength. 

Hie open beams ^ig. 94) which rest upon the curved ribs are 
cast in a suitable number of panels ; the joint between each pair 
being either in the direction of the radii of the arch, or else verti- 
cjli. These pieces are also cast with flanches, by which they are 
connected toffether and with the other parts of the frame. The 
beams, like tne ribs, are tied together and stiffened by ties and 
diagonal braces. 

Beams of suitable forms for the purposes of the structure are 
placed either lengthwise, or crosswise upon the open beams. 

531. Curved nbs of a tubular form have, within a few years 
back, been tried with success, and bid fair to supersede the or- 
dinary plate rib, as with the same amount of metal they combine 
more strength than the flat rib. 

The apphcation of tubular ribs was first made in the TJnited 





Flf • 9&— H«pre8eiit8 a stde ylev A, snd % erosB seetloii and end yiow B through % saddle pleoe ol 

the tabular arch of Hi^or Delafield. 
a, a, (Fig A) a aide rleir, and (Fig. B) an end view of the elllptioal llanohes of the end of eaeh 

sejnnent. 
t^ &, shoulders, or rihs to strengthen the flanches against lateral strains, 
c. tie plnte between the ribs. 

/ (Fl^. B) side view of the rim of the tie-plate fitted to the interior of the tnbe. 
dy d, (Figs. A and B) saddle pieces to receive the open beams of a form similar to Fig 9^ whleh 

rest on the tnbular ribs. 
«, eroes section of the rib through the saddle pleoe. 
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States by Major Delafield of the U. S. Corps of Enffineers, in 
an arch for abridge of 80 feet span. Each rib was formed of 
nine segments ; each segment (Fig. 95) being cast in one piece, 
the cross section of which is an elliptical ring of uniform thick- 
ness, the transverse axis of the ellipse being in the direction of 
the radins of curvature of the rib. A broad elliptical flanch' 
with ribs, or stays, is cast on each end of the segment, to connect 
the parts with each other ; and three ohairsy or saddle pieces^ 
with grooves in them, are cast upon the entrados of each seg- 
ment, and at equal intervals apart, to receive the open beam 
which rests on tne curved rib. 

The ribs are connected by an open tie plate, (Fig. 95.) Raised 
elliptical projections are cast on each face of the tie plate, whei*e 
it is connected with the segments, which are adjusteu accurately 
to the interior surface of each pair of segments, between which 
the tie plate is embraced. The segments and plate are fastened 
by screw bolts passed, through the end flanches of the segments. 

The tie plates form the only connection between the curved 
ribs ; the broad ribbed flanches of the segments, and the raised 
rims of the tie plates inserted into the ends of the tubes, giving 
all the advantages and stiffness of diagonal pieces. 

532. Tubular ribs with an elliptical cross section have been 
used in France for many of their bridges. They were first intro- 
duced but a. few years back by M. Polonceau, after whose 




FIc. M^BepreMnts « 8id« yiew A and ft cross section and end vleir B through a Joint of H; 

Poloncean's tabular areh. 
a^ ff, top flanch, b, b bottom flanch of the semi-segments united along the vertical Joint ed through 

the azifl of the rib. 
gk, side view of the Joint between the flanches «, e of two semi-segments. 
flit inner side of the flanches. 

e, cross section of a seml-seeroont and top and bottom flanches. 
// thin wedges of wronffht iron placed between the end flanches of the semi-segments to brlnK 

the parts to their proper bearing. 

25 
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designs the greater part of these structures have been built. 
According to M. Polonceau's plan, each rib consists of two 
symmetrical parts divided lengtnwise by a vertical joint Each 
half of the rib is composed of a number of segments so distribut- 
ed as to break joints, in order that when the segments are put 
together there shall be no continuous cross joint through the nba. 
' The segments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and lower flanches, and the segments 
by bolts through the end flanches. 

For the purposes of adjusting the sclents and bringing the 
rib to a suitable degree oi tension, flat pieces of wrought iron of 
a wedge shape are driven into the joints between the segments, 
and are coimned in the joints by the bolts which fasten the 
seaments and which also pass throndi chese wedges. 

To connect the ribs with each otner^ iron tubular pieces are 




Fie. 97— Hepresents the half of a tnat of wrought iron ibr the new Houses of PftrliHiMnt Eof land. 
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cast uon socketSi within which the enAe of the bars are secured bjr screw oolt^ 
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placed between them, the ends of the tubes beinff suitably ad- 
justed to the sides of the ribs. Wrought iron rods which serve 
88 ties pass through the tubes and ribs, being arranged witJi 
screws and nuts to draw the ribs firmly against the tubular pieces. 
Dia^nal pieces of a suitable form are placed between the ribs 
to give them the requisite degree of stiffness. 

m the bridges constructed by Mr. Polonceau according to 
this plan, he supportB the longitudinal beams of the roadway by 
cast iron rings wnich are fastened to the ribs and to each omer, 
and bear a cmair of suitable form to receive the beams. 

533. Iron roof TrtMses. Frames of iron for roofe have been 
made either entirely of wrought iron, or of a combination of 
wrought and cast iron, or of wese two last materials combined 
with timber. The combinations for the trusses of roofs of iron 
are in all respects the same as in those for timber trusses. The 
parts of the truss subjected to a cross strain, or to one of corn- 
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pression, are arranged to give the most suitable forms for 
strength, and to adapt them to the object in view. The parts 
subjected to a strain of extension, as the tie-beam and king and 
queen posts, are made either of wrought iron or of timber, as may 
be found best adapted to the particular end proposed. The joints 
are in some cases arranged by inserting the ends of the beanis, 
or bars, in cast iron sockets, or shoes of a suitable form ; in 
others the beams are united by joints arranged like those for 
timber frames, tlie joints in all cases being secured by wrought 
iron bolts and keys. (Figs. 97, 98, and 99.) 



Fig. 99— Bepreeenta the anaDce* 
ments of the parts at the Jcttt 
e In Fig. 93. 

A, side Tiew of the pieces and 
JolnL 

a, principal rafter of the cro«i 
section B. 

(, common rafter of the crosi 
section C. 

et, cross section of porlina and 
Joint for fkstening the com- 
mon rafters to the purlins. 

d^ cast iron socket arrang<eil 
to confine the pieoea a, b, 
e,6. 



634:. Flexible Suj^portsfor Frames, Chains and ropes may 
frequentljr be substituted with advantage, for ri^d materials, as 
intermediate points (rf support for frames, formmg systems of 
suspension in which the parts supported are suspended from 
the flexible supports, or else rest upon them either directly, or 
through the intermedium of rigid beams. 

635. All systems of suspension are based upon the property 
which the catenary curve in a state of equilibrium possesses 
of converting vertical pressures upon it into tensions in the di- 
rection of the curve. These systems therefore offer the advan- 
tages of presenting the materials of which they are composed 
in the best manner for calling into action the greatest amount 
of resistance of which they are capable, and of allowing the 
dimensions of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid systems ; thus 
avoiding much of the unproductive weight necessarily intro- 
duced into structures of stone, wood, and cast iron. They offer 
also the farther advantages that in their construction the parts 
of which they are composed can be readily adjusted, put together, 
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and taken apart for repairs. They present the disadvantages of 
changing both their form and dimensions from the action of the 
weather and variations of temperature, and of being liable to 

frave accidents from undulations and vertical vibrations caused 
y high winds, or moveable loads. The require, therefore, that 
the fixed points of support of the system should be very firm 
and durable, and that constant attention should be given to 
keep the system in a thorough state of repair. 

536. A chain or rope, when fastened at each extremity to 
fixed points of support, will, from the action 4jf gravity, assume 
the form of a catenary in a state of equilibrium, whether the 
two extremities be on the same, or different levels. The rela- 
tive height of the fixed supports may therefore be made to 
conform to tlie locality. 

537. Tlie ratio of the versed sine of the arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the object of the suspended structure. The wider the span, 
or chord, for the same versed sine, the greater will be the 
tension along the curve, and the more strength will therefore 
be required in all the parts. The reverse will obtain for an 
increase of versed sine for the same span ; but there will be an 
increase in the length of the curve. 

538. The chains may either be attached at the extremities of 
the curve to the fixed supports, or piers ; or they may rest upon 
them, (Fig. 100, 101,) bemg fixeu into anchoring masses, or 



& 


















d 


J] 


inir 


nrryrr 


Tm-mrrrr 


c 


■rrrrrrm 


H 


ill]] 


T#i^ 


i 




Ing upon two pte _ _ 
a and «, from whieh « horizontal beam in» Ib Boapended by Tortical ohaina, or nnb. 



Fig. 100— Bepreoents a ohain arch dbeds^ resting npon two pters / / and anchored at the points 




Fig. 101— Sepresents the manner In which the Byetem may be arranf^ed when a eingle pier if 
placed between the ertreme points of the bearing. 

abutments, at some distance beyond the piers. Local circum- 
stances will determine which of the two methods will be the 
more suitable. The latter is generallv adopted, particularly if 
the piers require to be high, since tne strain upon them from 
the tension might, from the leverage, cause rupture in the pier 
near the bottom, and because, moreover, it remedies in some 
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degree the inconyeniences arising from yariations of tensiop 
caused either by a moveable load, or changes of temperature. 
Piers of wood, or of cast iron moveable around a joint at their 
base, have been used instead of fixed piers, with the object 
of remedying the same inconveniences. 

539. When the chains pass over the piers and are anchored 
at some distance beyond them, they may either rest upon 
saddle pieces of cast iron, or upon pulleys placed on the piers. 

540. The position of the ancnoring points will depend upon 
local circumstances. The two branches of the chain may either 
make equal angles with the axis of the pier, thus assuming the 
same curvature on each side of it, or else the extremity of the 
chain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensions and weights will 
be vertical and in the direction of the axis of the pier, in the 
latter it will be oblique to the axis, and should pass so fiur 
within the base that tlie material will be secure from crushing. 

541. The anchoring points are usually masses of masonry of 
a suitable form to resist the strain to which they are subjected. 
They may be placed either above or below the surface of the 
ground, as the locality may demand. The kind of resistance 
offered by them to the tension on the chain will depend upon 
the position of the chain. If the two branches of the ciiain make 
equal angles with the axis of the pier, the resistance offered 
by the abutments will mainly depend upon the strength of the 
material of which they are formed. If the branches of the 
chain make unequal angles with the axis of the pier, the branch 
fixed to the anchoring mass is usually deflected in a vertical 
direction, and so secured that the weignt of the abutment may 
act in resisting the tension on the chain. In this plan fixed 
pulleys placed on veiy firm suppoi-ts will be required at the point 
of deflection of the chain to resist the pressure arising from 
the tension at these points. 

Whenever it is practicable the abutment and pier should be suit- 
ably connected to increase the resistance offered by the former. 

The connection between the chains and abutments should be 
60 arranged that the parts can be readily examined. The chains 
at these points are sometimes imbedded in a paste of fat lime to 
preserve them from oxidation. 

542. The chains may be placed either above or below the 
structure to be supported. The former gives a system of more 
stability than the latter, owing to the position of the centre of 
gravity, but it usually requires high piers, and the chain cannot 
generally be so well arranged as in the latter to subserve the re- 
quired purposes. The cui-ves may consist of one or more chains. 
Several are usually preferred to a single one, as for the same 
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amount of metal they oflfer more resistance, can be more accn* 
rately manufactured, are less liable to accidents, and can be 
more easily put up and replaced than a sinele chain. The 
chains of tne curve may be placed either side by side, or above 
each other, according to circumstances. 

543. The curves mav be formed either of chains, of wire ca- 
bles, or of bands of noop iron. Each of tiiese methods has 
found its respective advocates among engineers. Those who 
prefer wire cables to chains urge that the latter are more liable 
to accidents than the former, that their strength is less uniform 
and less in proportion to their weight than that of wire cables, 
that iron bars are more liable to contain concealed defects than 
wire, that the proofs to which chains are subjected may increase 
without, in all cases, exposing these defects, and that the con- 
struction and putting up of cnains is more expensive and diffi- 
cult than for wire caoles. The opponents of wire cables state 
that they are open to tlie same objections as those urged against 
chains, that they offer a greater amount of surface to oxidation 
than the same volume of bar iron would, and that no precau- 
tion can prevent the moisture from penetrating into a wire 
cable and causing rapid oxidation. 

That in this, as in all like discussions, an exaggerated degree 
of importance should have been attached to the objections urged 
on each side was but natural. Experience, however, derived 
from existing works, has shown that each method may be ap- 
plied with safety to structures of the boldest character, and that 
wherever failures have been met with in either method, they 
were attributable to those faults of workmanship, or to defects 
in the material used, which can hardly be anticipated and 
avoided in any novel application of a like character. Time 
alone can definitively decide upon the comparative merits of the 
two methods, and how far either of them may be used with 
advant«^e in the place of structures of more rigid materials. 

544. The chains of the curves may be formed of either round, 
square, or flat bars. Chains of flat bars have been most gene- 
rally used. These are formed in long links which are connected 
by short plates and bolts. Each link consists of several bars of 
the same length, each of which is perforated with a hole at 
each end to receive the connecting bolts. The bars of each 
link are placed side by side, and the links are connected by 
theplates which form a short link, and the bolts. 

The links of the portions of the chain which rest upon the 
piers may either be bent, or else be made shorter than the 
others to accommodate the chain to the carved form of the sur- 
face on which it rests. 

545. The vertical suspension bars may be either of round or 



200 FRAHmO. 

square bars. They are usually made with ono or more articu- 
lations, to admit of their yielding with less strain to the bar to 
any motion of vibration, or of oscillation. They may be sus- 
pended from the connecting bolts of the links, but the prefera- 
ble method is to attach them to a suitable saddle piece which 
is fitted to the top of the chain and thus distributes the strain 
upon the bar more uniformly over the bolts and links. The 
lower end of the bar is suitably arranged to connect it witli 
the part suspended from it. 

546. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cylindrical shape and 
confined by a spiral wrapping of wire. To form the cable seve- 
ral equal sized ropes, or yams, are first made. This may be 
done by cutting alt the wires of the length required for the yam, 
or by uniting end to end the requisite number of wires for the 
yarn, and then winding them around two pieces of wrought or 
of cast iron, of a horse-shoe shape, with a suitable gorge to re- 
ceive the wires, which are placed as far asunder as the required 
length of the yam. The yam is firmly attached at its two ends 
to the iron pieces, or cruppers^ and the wires are temporarily con- 
fined at intermediate points by a spiral lashing of wire. Whicnever 
of the two methods be adopted, great care must be taken to give 
to every wire of the yam the same decree of tension by a suitable 
mechanism. Tlie cable is completed after the yams are placed 
upon tlie piers and secured to the anchoring ropes or chains ; for 
this purpose the temporary lashings of the yams are undone, and 
all tne yams are united and brought to a cylindrical shape and 
secured throughout the extent of the cable, to within a short 
distance of each pier, by a continuous spiral lashing of wire. 

The part of the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a uniform 
thickness. 

647. The suspension ropes are formed in the same way as the 
cables ; they are usually arranged with a loop at each end, form- 
ed around an iron crupper, to connect them with the cables, 
to which they are attaclied, and to the parts of the structure 
suspended from them by suitable saddle pieces. 

648. To secure the cables from oxidation tlie iron wires are 
coated with varnish before they are made into yarns, and after 
the cables are completed they are either coated with the usual 
paints for securing iron from the effects of moisture, or else 
covered with some impermeable material. 

549. Experirriefrda (mtUe Strength of Frwnie^. Experimental 
researches on this point have been mostly restricted to those 
made with models on a comparatively small scale, owing to the 
expense and difiiculty attendant upon experiments oh frames 
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having the form and dimensions of those employed in ordinary 
Btmctures. 

Among the most remarkable experiments on a larse scale 
are those made by order of the French government at Lorient, 
under the direction of M. Kiebell, the superintending engineer 
of the port, and published in the AnncUes Maritimea et Cclo 
nialea^ Feb. and In ov., 1837. 

The experiments were made by first setting up the frame to 
be tried, and, after it had settled under the action of its own 
weight, suspending from the back of it, by ropes placed at 
equal intervals apart, equal weights to represent a load uni- 
formly distributed over the back of the frame. 

The results contained in the following table are from experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
truss consisted of two rafters and a tie beam, with suspension 

Fig. 102. 




pieces in pairs, and diagonal iron bolts which were added be- 
cause it was necessary to scarf the tie beam. The span of tfie 
truss was 65^ feet ; the rafters had a slope of 1 perpendicular to 
4 base. The thickness of the beams, measured horizontally, was 
about 2i inches, their depth about 18 inches. The amount of 
tiie settling at each rope was ascertained by fixed graduated 
vertical rods, the measures being taken below a horizontal line 
marked 0. 
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The following table gives the results of experiments made on 
frames of the usual forms of straight and curved timber for roof 
trusses. The cur> ed pieces were made of two thicknesses, each 
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8^ inches. The numbers in the fifth column gire the ratios 
between the weight of the frame and that of the weight borne 
bj which the eli^ticity was not impaired. 

Fig. lOtl 
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550. TJndkb this head will be comprised that class of struc- 
tarcB whose object is to afford a line of communication above 
the general surface of a country, either by means of a roadway, 
or of a water-way, without obstructing those communications 
which lie upon the surface. 

"When the structure supports a roadway it is termed a viaduct ; 
and when a water-waj^ an aqueduct. 

If the structure is limited to affording a communication over 
a water-course, it is termed a hridge when it supports a road- 
w^, and an ctgrueduct^nidae when it affords a water-way. 

For the convenience of description, bridges, &c., maybe clas- 
sified either from the kind of material of which they are con- 
structed, as a Stone-Bridge^ a WoodenrBridge^ &c., or from the 
character of the structure, as a Permanervt-Bridge^ a Draw- 
Bridge^ &c. 

BTONS BKmGES. 

551. A stone bridge consists of a roadway which rests upon 
one or more arches, usuallj of a cylindrical form, the abutments 
and piers of the arches being of sufficient height and strength 
to secure them and the roadway from the effects of an extraor- 
dinary rise in the water-course. 

652. LocaUtu. The point where a bridge may be requii'ed, 
as well as the direction of the AKm, or centre line of the roadway 
over the bridge, usually depends upon the position of a line of 
communication which traverses the water-course, and of which 
the bridge is a necessary link. "When, however, the engineer is 
not restncted in the choice of a suitable locality by this condi- 
tion, he should endeavor to select one where the soil of the bed 
will afford a firm support for the foundations of the structure : 
where the wpproacKeB^ or avenues leading from the banks of the 
watercourse to the bridge can be easily made, not requiring 
high embankments or deep excavations ; and one where the re- 
gimen of the water-course is uniform and not likely to be 
changed in any hurtful deffree by elbows, or other variations 
in the water-way near the bridge, or by the obstruction which 
the foundations, &c., of the structure may offer to the free dis- 
charge of the water. 

To avoid the difficulties which the construction of askew arches 
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presents, the axis of the bridge should be perpendicular to the 
direction of the thread of the current, since for the security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

653. Survey. With whatever considerations the locality may 
have been selected, a careful survey must be made not only of 
it, but also of the water-course and its environs for some distance 
above and below the point which the bridge will occupy, to en- 
able the engineer to judge of the probable effects wnich the 
bridge when erected may have upon the natural regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the smrface, the nature of the subsoil of the 
bed and banks of the waters course, and the character of the 
water-course at its different phases of hi^h and low water, and 
of freshets. This information will be embodied in a topographi- 
cal map ; in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by sound- 
ings and borings ; and in a descriptive memoir which, besides the 
usual state of the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, or from 
the construction of bridges, dams, and other artificial changes 
either in the bed or ban&. 

554. Having obtained'a thorough knowledge both of the posi- 
tion to be occupied bv the bridge and its environs, the two most 
essential points which will next demand the consideration of the 
engineer will be, in the first place, so to adapt his proposed struc- 
ture to the locality, that a suflicient water-way shall beleft both for 
navigable purposes and for the free discharge of the water accu- 
mulated during high freshets ; and, in the second, to adopt such 
a system of foundations as will be most likely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. Water-wai/. When the natural water-way of a nver is 
obstructed by anv artificial means, the contraction, if consider- 
able, will cause the water, above the point where the obstruction 
is placed, to rise higher than the level of that below it, and pro- 
duce a fall, with an increased velocity due to it, in the current 
between the two levels. These causes during heavy freshets, 
maybe productive of serious injury to agriculture, from the over- 
flowing of the banks of the water course ; — may endanger, if not 
entirely suspend navigation, during the seasons of freshets; — and 
expose any structure which, like a bridge, forms the obstruction, 
to ruin, from the increased action of, the current upon the soil 
around its foundations. If, on the contrary, the natural water- 
way is enlarged at the point where the structure is placed, witt 
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the view of preventing these conseqnencee, the velocity of the 
current, dunn^ the ordinary stages of the water, will be de- 
creased, and this wiU occasion aepoeits to be formed at the 
point, which, by gradually filling up the bed, might, on a sudden 
rise of the water, prove a more serious obstruction than the struc- 
ture itself ; particularly if the main bodj of the water should hap- 
pen to be diverted by the deposit from its ordinary channels, and 
form new ones of greater aepth around the foundations of the 
structure. 

The water-way left by the structure should, for the reasons 
above, be so regulated that no considerable chan^ shall be oc^ 
casioned in the velocity of the current through it during the 
most unfavorable stages of the water. 

556. For the purpose of deciding upon the most suitable ve- 
locity for the current through the contracted water-way formed 
by the structure, the velocity of the current and its effects upon 
the soil of the banks and bed of the natural water-way should be 
carefully noted at those seasons when the water is highest ; se- 
lecting, in preference, for these observations, those points a^bove 
and below the one which the bridge is to occupy, where the 
natural water-way is most contracted. 

557. The velocity of the current at any point may be ascer- 
tained by the simple process of allowing a iiffhtball, or float oi 
some material, like wnite wax, or camphor, wnose specific grav- 
ity is somewhat less than that of water, to be carried along by 
the current of the middle diread of the water-course, and noting 
the time of its passage between two fixed stations. 

558. From the velocity at the surface, ascertained in this 
way, the average, or me(m velocity of the water, which flows 
through the cross-«ection of any water-way between the stations 
where the observations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natural water-way, that of 
the artificial water-way will be obtained from the following ex- 
pression, 

8 

v^m — v, 

in which 9 and v represent, respectively, the area and mean 
velocity of the artificial water-way ; s and v, the same data of 
the natural water-way ; and m a constant quantity, which, aa 
determined from various experiments, may be represented by the 
mixed number 1,097. 

With regard to the effect of the increased velocity on the bed, 
there are no experiments which directly apply to the cases usually 
met with. The following table is drawn up from experiment* 
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made in a confined channel, the bottom and eides of the channel 
being formed of rough boards. 
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659. Bay9. With the data now before him, the engineer can 
proceed to the arrangement of the forms and details of the va- 
rious parts of the proposed structure. 

The first point to be considered under this head will be the 
number of tay%^ or intervals into which the natural water-way 
must be divided, and the forms and dimensions of the arches 
which span the bavs. 

As a general rule, there should be an odd number of bays, 
whenever the width of the water-way is too great to be spanned 
by a single arch. Local circumstances ma^ re<juire a departure 
from this canon ; but when departed from, it will be at the cost 
of architectural effect ; since no secondary feature can occupy 
the central point inany architectural composition without impair- 
ing the beau^ of the structure to the eye ; and as the arches 
are the main features of a stone bridge, the central point ought 
to be occupied by one of them. 

The wicfth of the bays will depend mainly upon the charac- 
ter of the current, the nature of the soil upon which the founda- 
tions rest, and the kind of material that can be obtained for the 
masonry. 

For streams with a gentle current, which are not subject to 
heavy freshets, narrow bays, or those of a medium size maybe 
adopted, because, even a considerable diminution of the natural 
water-way will not greatly affect the velocity under the bridge, 
and the foundations therefore willnot be liable to be undermined. 
The difficulty, moreover, of laying the foundations in streams of 
this character is generally inconsiderable. For streams with a. 
rapid current, and which are moreover subject to great freshets, 
wide bays will be most suitable, in order, by procuring a wide 
water-way, to diminish the danger to the points of support, in 
placing as few in the stream as practicable. 

If materials of the best quality can be procured for the struc- 
ture, wide, bays with bold arches can be adopted with safety ; 
but, if the materials are of an inferior quality, it will be most 
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prudent to adopt bays of a small, or medium space, and a 
strong form of arch. 

560. Arches. Cylindrical arches with any of the usual forms 
of curye of intraaos may be used for bridges. The selection 
will be restricted by the width of the bay, the highest water- 
leyel during freshets, the approaches to the bridge, and the 
architecture effect which may be produced by the structure, as 
it is more or less exposed to yiew at the intermediate stages be- 
tween high and low water. 

Oyal and segment arches are mostly preferred to the full cen- 
tre arch, particularly for medium and wide bays, for the reasons 
that, for tlie same level of roadway, they afford a more ample 
water-way under them, and their heads and sjpandrels offer a 
smaller surface to the pressure of the waterdunngfreshets than 
the full centre arch under like circumstances. 

The full centre arch, from the inti'insic beauty of its form, the 
simplicity of its construction, and its strength, should be preferred 
to any other arch for bridges oyer water-courses of a uniformly 
moderate cuiTcnt, and which are not subjected to considerable 
changes in their water-leyels, particularly when its adoption does 
not demand expensive embankments for the approacnes. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. K the bays are of 
unequal width, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or else decrease uniformly from the centre to each 
extremity of the bridge. In this case the curves of the archee 
should be similar, and have their springing lines on the same 
level tliroughout the bridge. 

. The level of the springing lines will depend upon the rise of 
the arches, and the height of their crowns above the water-level 
of the highest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above the highest known 
water-level, in order tliat a passage-way maybe left for floating 
bodies descending during freshets. Between this, the lowest 
position of the crown, and any other, the rise should be so chosen 
that the approaches, on the one hand, may not be unnecessarily 
raised, nor, on the other, the springing lines be placed so low 
as to mar the architectural effect of the structure during die 
ordinary stages of the water. 

When the arches are of the same size, the axis of the roadway 
andthe principal architectural lines which run lengthwise along 
tlie heaas of tlie bridge, as the top of the parapet, the cornice, 
&c., &c., will be horizontal, and the bridge, to use a common 
expression, be on a dead level throughout. Tliis has for some 
time been a favorite feature in bridge architecture, few of the 
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more recent and celebrated bridges being without it, as it is 
thought to ^ve a character of lightness and boldness to the struc- 
ture which is wanting in bridges built with a uniform declivity 
from the centre to the extreme arches. Without stopping to 
examine this claim of architectural beauty for level bridges, it 
is well to state that it may be purchased at too great a cost, par- 
ticularly in localities where the relative level of the roadway 
and of the adjacent ground would demand high embankments 
for the approaches. 

561. 8t/ule of Architectwre. The design and construction of 
a bridge snould be governed hj the same general principles as 
any omer architectural composition. As the object of a bridge 
is to bear heavy loads, and to withstand the eflfects of one of 
the most destructive agents with which the enmneer has to 
contend, the general character of its architecture wiould be that 
of strength. It should not only be secure, but to the apprehen- 
sion appear so. It should be equally removed from Egyptian mas- 
siveness and Corinthian lightness ; while, at the same time, it 
should conform to the features of the surrounding locality, being 
more ornate and carefully wrought in its minor details in a city, 
and near buildings of a sumptuous style, than in more obscure 
quarters ; and assuming every shade of conformity, from that 
which would be in keeping with the humblest hamlet and tamest 
landscape to the boldest features presented by Nature and Art. 
Simplicity and strength are its natural characteristics ; all orna- 
ment of detail being rejected which is not of obvious utility, and 
suitable to the point of view from which it must be seen ; as well 
as all attempts at boldness of general design which might give 
rise to a feelmg of insecurity, however unfounded in reality. The 
most, therefore, that can be tried in the way of mere ornament, 
even under the most favorable circumstances, will be to combine 
the voussoirs of the arches with the horizontal courses of the span- 
drels in a regular and suitable manner, — ^toadd a projecting cor- 
nice, with supporting members if necessary, of an agreeable pro- 
file, — ^and to give such a form to the ends of the piers, tennedthe 
starlings, or ciUr^oaterSy as shall heighten the general pleasing 
effect. The heads of the bridge, the cornice, and the parapet 
should also generally present an unbroken outline; this, however, 
miay be departed from in bridges where it is desirable to place re- 
cesses for seats, so as not to interfere with the footpaths; m which 
case a plain buttress may be built above each starling to support 
the redess and its seats, tne utility of which will be obvious, wnile 
it will give an appearance of additional strength when the height 
of the parapet above the starlings is at all considerable. 

662. Construction. The methods of laying the foundationB 
of structures of stone, &c., described under tne article of Ma- 

27 
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Bonry, bein^ alike applicable to all Btruetures which come under 
this denomination, there only remains to be added under this 
head whatever is peculiar to bridge-building. Either of the 
methods referred to may be employed in laying the foundations 
of the abutments and piers of a bridge, which, in the judgment 
of the engineer, may be most suited to the locality, and wiU be 
least expensive. Ar the foundations and their beds of the parts 
in question are greatly exposed, from the action of the current 
both upon the soil around them and upon the material^ used 
for their construction, the utmost precaution should be taken to 
secure them from damage, by giving to the foundation-bed an 
ample spread where the soil is at all yielding; by selecting the 
most durable materials for the masonry of mese parts ; and by 
employing some suitable means for securing the bed of the 
natural water-way around and between the piers from being 
removed by the current. 

563. Yarious expedients have been tried to effect this last 
object ; among the most simple and efficacious of which is that 
of covering the surface to be protected by a bed of stone broken 
into fragments of sufficient bulk to resist the velocity of the 
current in the bays, if the soil is of an ordinary clayey mud ; 
but, if it be of loose sand or gravel, the surface should be first 
covered by a bed of tenacious clav before the stone be thrown 
in. The voids between the blocKS of stone, in time, become 
filled with a deposite of mud, which, acting as a cement, gives 
to the mass a character of great durability. 

564. The foundation courses of the piers should be formed of 
heavy blocks of cut stone bonded in the most careful manner, 
and carried up in offsets. Tlie faces of the piers should be of 
cut stone well bonded. They may be built either vertically, or 
with a slight batter. Their fliickness at the impost should be 
greater than what would be deemed sufficient under ordinary 
circumstances ; as they are exposed to the destructive action of 
the current, and of shocks from heavy floating bodies ; and from 
the loss of weight of the parts immersed, owing to the buoyant 
effort of the water, their resistance is decreased. The most suc- 
cessful bridge architects have adopted the practice of making 
the thickness of the piers at the impost between one sixth ana 
one eighth of the span of the arch. The thickness of the piers 
of the bridffe of Neuilly, near Paris, built by the celebrated 
Perronet, wnose works form an epoch in modem bridge archi- 
tecture, is only one ninth of the span, its arches also being re- 
markable for the boldness of their curve. 

565. The usual practice is to give to aU the piers tl e same 
proportional thickness. It has however been recommer ded by 
some engineers to give sufficient thickness to a few of the piers 
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to resist the horizontal thrust of the arches on either side of 
them, and thns secure a part of the structure from ruin, should 
an accident happen to any of the other piers. These masses, 
to which the name dbut/mefd piers has been applied, would be 
objectionable from. the diminution of the natural water-way that 
would be caused by their bulk, and from the additional cost for 
their construction, besides impairing the architectural effect of 
the structure. They present tne advantage, in addition to their 
main object, of permitting the bridge to be constructed by 
sections, and thus procure an economy in the cost of the wooden 
centres for the arches. 

566. The projection of the starlings beyond the heads of the 
bridge, their form, and the height given to them above the spring- 
ing Imes, will depend npon local circumstances. As the mam 
objects of the starlings are to form a fender^ or gua/rd to secure 
the masonry of the spandrels, &c., from being damaged by float- 
ing bodies, and to serve as a cut- water to turn the current aside, 
and prevent the formation of whirls, and their action on the bed 
around the foundations, the form given to them should subserve 
both these purposes. Of the different forms of horizontal section 
which have been given to starlings, (Figs. 107, 108, 109, 110,) 



vigLiar. 



Fif.108. 




Figa. lOr, 106, ftBd 110-Bepre- 
sent hoiisontal aeetlons of 
starlings A of the more usaal 
forms, and jpait dT the pier B 
above the loondation coaraes. 
Fi^ 109 represents the plan of 
the hood of a stsrllnf laid in 
courses, the general diape be- 
inff that of the quarter of a 
sphere. 



the semi-ellipse, from experiments carefully made, with these 
ends in view, M)pears best to satisfy both objects. 

The up and down stream starlings, in tidal rivers not subject 
to freshete and ice, usually receive the same projections, which, 
when their plan is a semi-ellipse, must be somewhat greater than 
the semi-width of the pier. Their general vertic^ outline is 
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columnar, being either straight or swelled, (Pigs. Ill, 112, 118, 
114.) They should be built as high as the ordinary highest 




yUr.lll->B«vr«Mnt8liiel0TrtkmstarllB«iA,thtlr hoods B, tik« TOOiMrfn 0, tbe madn 
M dth?wmblnSlon of their oouwSiind Jolnti with etch othor In mi ot«1 arch of 



0, the ipudseU D 
• ^ -throo 



oentres. 

£, parapet; F, cornice. 




nc 119— BoDntnila 1b eleystioii the eomhhuitloiis of the i 
^ Ibr ft flat eegmeatal aroh. 
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Fi& 118— Bepresents in eleration the oomblaatioiM of the aeme i 

^dge of If eniUy, and oval of eleren oentna. 
OMh oorre of Inlradoa. 
M/aro of circle traced en the head of the bridge. 
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Fig, 114— JUpraieati s onh Motton 
Aod eUratfon throngli the erowA 
of Fig. lia, Ahowiag tk* amag^ 
ment also of th« Toadwaj, foot- 
pftthi, paapeti Mid oonitaaw 



water-level. Thej are finished at top with a coping stone to 
preserve the masonry from the action of rain, <fec. : this stone, 
termed the hood^ maj receive a conical, a spheroidal, or any 
other shape which will subserve the object in view, and produce 
a pleasing architectural effect, in keeping with the locality. 

In streams subject to freshets and ice, the up stream starlings 
diould receive a greater projection than those down stream, and, 
moreover, be bimt in the form of an inclined plane (Fig. 115) 
M 




N 



1%. 115— KopnM&to ft dde oloTfttton M 
4Uid pUn IT of a pier of the Potonuo 
•quednet, amiiged iilth an ioe- 
breaker starlinSi 

▲, upstream ftailiag, with tiie InoUn- 
ed ioe-breaker D which riaes from 
the low-water lerel above that of the 
higheatfreaheta. 

B, down-atraam atatilni^ 

0, Ikoe of pier. 

X, top ot pier. 

F^hortiontal pff^artton <f lop of ioe> 

CKL horisoiital pntfeattoB ^Tikceaof 
pier and atarllnsk 




to facilitate the breaking of the ice, and its passage through 
the arches. 
667. Whare tiie banks of a wateiHOouise epaimed by a bridge 



S14 



BBIDOEB, SIC 



are so steep and difficult of access that the roadway cust be 
raised to the same level with their crests, security for the founda- 
tion, and economy in the construction demand that JwUovo or 
openjners be used instead of a solid mass of masonry. A con- 
struction of this kind requires great precaution. The facing 
courses of the piers Tiust be of heavy blocks dressed with ex- 
treme accuracy. The starlings must be built solid. The faces 
must be connected by one or more cross tie-walls of heavy, well- 
bonded blocks ; the tie-walle being connected from distance to 
distance vertically by strong tie-blocks ; or, if the width of the 
pier be considerable, by a tie-wall idong its centre line. 

568. The foundations, the dimensions, and the form of the 
abutments of a bridge will be regulated upon the same principles 
as the like parts of other arched structures ; a judicious con- 
formity to tne chajticter of strength demanded by the structure, 
and to the requirements of the locality being observed. The 
walls which at the extremities of the bridge form the con- 
tinuation of the heads, and sustain the embalmments of the ap- 
{)roaches, — and which, from their widening out from the general 
ine of the heads, so as to form a gradual contraction of the 
avenue by which the bridge is approached, are termed the i^iTi^- 
waUs^ — serve as firm buttresses to the abutments. In some cases 
the back of the abutment is terminated by a cylindrical arch, 
(Fig. 116,) placed on end, or having its right-line elements ver- 




Fig. lift— Bepresento a borizontel aeetlon of 
an abutment A with onrred wing^walb B, 
B, connected with a central bnttreat C and a 
croM tie-wall D. 



Fis. 117— BepreMnts a horlaontal 
eeetion of an abutment A with 
straight wing^waUa BL B. tai^ 
minated bj retum-wwlia 0, 0. 

D, central bnttrew. 



tical, which connects the two wing-walls. In others (Fig. 117) 
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a rectangular-shaped buttress is built back from the centre line 
of the abutment, and is connected with the wing-walls either by 
horizontal arches, or by a vertical cross tie-wall. 

669. The wing-walls may be either plane surface walls (Fig. 
118) arranged to make a given angle with the heads of the bridge, 




Tig 118— Bepresents an elevation M and plan K of ft 
portion of a single arch bridge with straight winf- 
walls BustalniDg an embankment acroae the yalley of 
the water-course. 

a, a', face of win^wall. 

b^ b\ side slope of embankment 

e, o\ top of wing-wall. 

o« o\ fender or guara stones. 



or they may be curved surface-walls presenting their concavity, 
(Fig. 126,) or their convexity to the exterior ; or of any other 
shape, whether presenting a continuous, or a broken surface, that 
the locality may demand. Their dimensions and form of profile 
will be regulated like those of any other sustaining wall ; and 
they receive a suitable finish at top to connect them with the 
bridge, and make them conform to the outline of the embank- 
ments, or other approaches. 

570. The arches of bridges demand great care in proportion- 
ing the dimensions of the voussoirs, and procuring accuracy in 
their forms, as the strength of the structure, and the permanence 
of its figure, will chiefly depend upon the attention bestowed on 
these points. Peculiar care should be given in arranging the 
masonry above the piers which lies between the two adjacent 
arches. In some of tne more recent bridges, (Fig. 120,) this part 
is built up solid but a short distance above the imposts, generally 
not h^^her than a fourth of the rise, and is finished with a reversed 
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arch to give greater securitj against the effects of the pressure 
throwD upon it 




Fig. ISO— Bepresents a longitudinal section ot a portion of a pi«r and fimaditloiia, aad of am n6k 
and its centre of the new London bridge oyer the Thameeb 

A, finish of solid spandrel with reversed ainh. 

B, wedge of striking plates. 

O, recess oyer the starlings for seats 

The backs of the arches should be covered with a water-tight 
capping of beton, and a coating of asphaltum. 

671. The entire spandrel courses of the heads are usually not 
laid until the arches have been unoentred, and have settled, in 
order that the joints of these courses may not be subject to any 
other cause of displacement than what mav arise from the effects 
of variations of temperature upon the arches. The thickness of 
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the head-walls will depend upon the method adopted for snpport- 
ing the roadway. If this be by a filling of eMth between the 
head-walls, then their thickness must be calculated not only to 
resist the pressure of the earth which they sustain, but allowance 
must also oe made for the effects of the snocks of floating bodies 
in weakening the bond, and separating the blocks from their mor- 
tar-bed. The more approved methods of supporting the roadway, 
and which are now generally practised, except for very flat seg- 
ment archesj^are to lay the road materials either uj)on broad flag- 
ging stones (Fig. 120, 121,) which rest upon thin brick walls buflt 



Fi£. ISt— B«preMnt8 a profile of 
Fig. 190 throoffh the eentre of the 
pier, showliig the arrangement of 
the rottdwav and Its drainage, Ac. 

A, section of masonrj of pier and 
spandreL 

&, b, sections of walls parallel to head- 
wall, which support the flagging 
stone on which the roadway la 
laid. 

c, section of head-wall and bnttress 
above the starling <L 

«, footpath. 

/ recess for seats over the buttress. 

o, cornice and parapet 

«, vertical conamlt in the pier eom- 
mnnieating with two others under 
the roadway from the side chan- 
nela. 



parallel to the head-walls, and supported by the piers and arches ; 
or by small arches, (Fig. 122,^ for which these walls serve as 
piers ; or by a system of small eroined arches s upp orted by 
pillars resting upon the piers ana main arches. * Wnen either 
of these memoos is used, the head-walls may receive a mean 
thickness of one fifth of their height above the solid spandrel. 

672. Sv^perstrucbwre, The superstructure of a bridge consists 
of a cornice, the roadway and footpaths, &c., and a parapet. 

The object of the cornice is to shelter the face oi^the nead- 
walls from rain. To subserve this purpose, its projection bejrond 
the surface to be sheltered should oe the greater as the altitude 
of the sheltered part is the more considerable. This rule will 
require a cornice with supporting blocks, (Fig. 123,) termed 
modiUionSy below it, whenever the projecting part would be 
actually, or might seem insecure from its weight. The height 
of the cornice, including its supports, should generally be equal 
to its projections ; this will often require more or less of detail 
in the profile of the cornice, in order that it may not appear 
heavy. The top surface of the cornice should be a little above 
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that of the footpath, or roadway, and be slightly sloped oi^t* 
ward ; th^ bottom should be arranged with a situable larmier^ 




Fig. ISS— Represents a seetloii through the axil of a pier of bridge built of stone with briek 
filling, showing the arrangement for supporting the roadwaj on small arches. 

or drip^ to prevent the water from finding a passage along its 
tinder surface to the face of the wall. 




Fig: ISft— Represents a section throngh the crown of 
an arch, showine the cornice a^ modilllon d, para- 
pet 0, and footpath d, 

A, key-stones. 

B, side elevation of soffit 




6Y3. The parapet surmounts the cornice, and should be high 
enough to secure vehicles and foot-passengere from accidents, 
without however intercepting the view from the bridge. The 
parapet is usually a plain low wall of cut stone, surmounted br 
a coping slightly rounded on its top surface. In bridges which 
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have a character of lightneee, like those with flat segment arches, 
the parapet may consist of alternate panels of plain wall and 
balustrades, provided this arrangement be otherwise in keeping 
with the locality. The exterior face of the parapet should not 

}>roject beyond that of the heads. The blocks of which it is 
brmed, and particularly those of the coping, should be firmly 
secured with copper or iron cramps. 

574. The width of the roadway and of the footpaths will be 
regulated by the locality ; being greatest where the thoroughfares 
connected or the bridge are most frequented. They are made 
either of broken, or of pavifigstone. Tney should be so arran^d 
that the surface-water from rain shall run quickly into the side 
channels left to receive it, and be conducted from thence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that nave 
their outlets in one of the faces of the piers, and below the 
lowest water-level. 

675. Strong and durable stone, dressed with the chisel, or 
hammer, should alone be used for the masonrv of bridges where 
the span of the arch exceeds fifty feet. The interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good rubble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonry of dressed stone and rubble, or brick, may be 
used ; and, in some cases, brick alone. In all these cases (Figs. 
122, 124) the starlings, — the foundation courses, — ^the impost 
stone, — ^the ring courses, at least of the heads, — and the Key- 
stone, should be of good dressed stone. The remainder may be 
of coursed rubble, or of the best brick, for the facing, with good 
rubble or brick for the fillings and backings. In amixed masonry 
of this character the courses of dressed stone may project slight- 
ly beyond the surfaces of the rest of the structure. ITie archi- 
tectural effect of this arrangement is in some degree pleasing, 
particularly when the joints are chamfered ; and the method is 
obviously useful in structures of this kind, as protection is af- 
forded by it to the surfaces which, from the nature of the mate- 
rial, or the character of the work, offer the least resistance to the 
destructive action of floating bodies. Hydraulic mortar should 
alone be used in everypart of the masonry of bridges. 

576. Approaches. Tne arrangement of the approaches will 
depend upon the number and direction of the avenues leading to 
the bridge, — ^the width of the avenues, and theirposition above 
or below tne natural surface of the ground, — ana the locality. 
The principal points to be kept in view in their arrangement are 
to procure an easy and safe access to the bridge for v^cles, and 
not to obstruct unnecessarily the channels, for purposes of navi« 
gation, which may be requisite under the extreme arch^. 
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Fig; 184— Bcpresanto an ttleTAtloa of ft Bier, « portion of two vohMi and the oentro of the bndM 

of which Fig. Its Is tho Motion. 
A, Ikoe of starling: 
Bfhood. 
O, TonaMilia with ohandSarea joints. 

"Wlien the avenne to the bridge is, by an embankment, in the 
same line ae its axis, and the roadway and bridge are of the same 
width, the head-walls of the bridge (Fig. 125) may be prolonged 
Bufficientlv far to allow the foot ot the embankment slope to fall 
within a few feet of the crest of the slope of lie wateiMsourse ; 
this portion of the embankment slope being shaped into the form 
of a qnarter of a cone, and reveted with dry stone or sods, to pre- 
serve its Burfece from l3ie action of rain. 

When several avenues meet at a bridge, or where the width 
of the ^roadway of a direct avenne is greater than that of the 
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bridge, the approaches are made by gradually widening the out- 
let from the bridge, until it attains the 



^e requisite width, by means ol 




Tig. 125— Elevation M and plan N, showing th« manner of arranging the embankments of tho 

approaches, when the head- walls of the bridge are simply prolonged. 
a, a', aide slope of embankment 
5, &\ dry stone Ihcing of the embankment where its end is roonded off; forariagaqnarterof aoone 

floish. ^ 

</*, flight of steps forfeot-paasengefs to aseend the embaakiBent 
& cr, embantunent arranged as above, bat slmplj sodded, 
a, d\ fiidng of dry stone for the side slopes ofthe banks. 
«» sr, flMing of (he bottom ofthe stream. 

wing- walls of any of the usual forms that may suit the locality. 
The form of win^-wall (Fig. 126) presenting a concave surface 
outward is usually preferred when suited to the locality, both 




Fig. IM— Represent an elevation M and piaa H 
of a curved fiioe wing-wall. 

A, front view of wing^walL 

B, B', slope of embankment. 



for its architectural effect and its strength. When made of 
dressed stone it is of more difficult construction and more ex- 
pensive than the plane surface wall. 
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In order that the approaches maj not obstruct the couir 
municatioDS along the banks for the purposes of navigatic n, an 
arched passage-way will, in most cases, be requisite under the 
roadway of the approach and behind the abutment of the ex- 
treme arch, for horses, and, if necessary, vehicles. When the 
form of the arch will admit of it, as in flat segment arches, a 
roadway, projecting beyond the face of the abutment, may bo 
made under the arch for the same purpose. 

577. Wai&iMmngs. To secure the natural banks near the 
bridge, and the foundations of the abutments from the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banks, which should be properly prepared 
to receive it, and the foot of the facing must be secured by a 
mass of loose stone blocks spread over the bed around it, in ad- 
dition to which a line of square-jointed piles may be previously 
driven along the foot. When tne face of the abutment projects 
beyond the natural banks, an embankment faced witn stone 
should be formed connecting the face with points on the natural 
banks above and below the bridge. By this arrangement, 
termed the water-wings^ the natural water-way will be gradu- 
ally contracted to conform to that left by the bridge. 

578. Enlargement of Water-way. In the full centre and oval 
arches, when the springing lines are placed low, thie spandrels 

5 resent a considerable surface and obstruction to \h% current 
uring the higher stages of the water. This not only endangers 
the safety of me bridge, by the accumulation of drift-wood and 
ice which it occasions, but, during these epochs, gives a heavy 
appearance to the structure. To remedy these delects the solid 
angle, formed by the heads and the soffit of the arch, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing lines of the arch, and its apex near the 
crown. The form of the detached mass may be variously ar- 
ranged. In the bridge of Neuilly , which is one of the first where 
this expedient was resorted to, the surface, marked F, (Figs. 113, 
114,) left by detaching the mass in question, is warped, and lies 
between two plane curves, the one an arc of a circle n o, traced 
on the head of the bridge, the otlier an oval mo op^ traced on 
the soffit of die arch. This affords a funnel-shapea water-way 
to each arch, and, during high water, gives a lignt appearance 
to the structure, as the voussoirs of the head ring-course have 
then the appearance of belonging to a flat segmental arch. 

579. C^ni/ree, The framing of centres, and the arrangement 
for striking them, having been already fully explained imder the 
article Framing, with illustrations taken from some of the most 
celebrated recent structures, nothing further need be here added 
than to point out the necessity of great care both in the combi- 



STOKE BSIDGBS. 

aation of the frame, and in its mechanical execution, in order 
to prevent any change in the form of the arch while under con- 
struction. The English engineers have generally been more 
successful in this respect than the French, xhe latter, in several 
of their finest bridges, used a form of centre composed of seve 
ral polygonal frames, with short sides, so inscribed within each 
other that the angles of the one corresponded to the middle of 
the sides of the oflier. The sides of each frame were united by 
joints, and the series of frames secured in their respective- posi 
tions by radial pieces, in pairs, notched upon and bolted to the 
frames, which tney clamped between them. A combination of 
this character can preserve its form only under an equable 
pressure distributed over the back of tlie exterior polygon, 
when applied to the ordinary circumstances attending the con- 
struction of an arch, it is found to undergo successive changes 
of shape, as the voussoirs are laid on it ; rising first at the crown, 
then yielding at the same point when the key-stone and the ad- 
jacent voussoirs are laid on. The English engineers have gen- 
erally selected those combinations in which, the pressures being 
transmitted directly to fixed points of support, no change of 
form can take place in the centre but what arises from the 
contraction or elongation of the parts of the frame. 

580. Oen&ralliemarks, The architecture of stone bridges has, 
within a somewhat recent period, been carried to a very high de- 
gree of perfection, both in design and in mechanical execution. 
France, in this respect, has given an example to the world, and has 
found worthy rivals in the rest of Europe, and particularly in 
Great Britain. Her territory is dotted over with innumerable 
fine monuments of this character, which attest her solicitude as 
well for the public welfare as for the advancement of the in- 
dustrial and liberal arts. For her progress in this branch of 
architecture, France is mainly indebted to her School and her 
Corps of PonU et Chav^sees: institutions which, from the time 
of her celebrated engineer Irerronet, have supplied her with a 
long line of names, aRke eminent in the sciences and arts which 
pertain to the profession of the engineer. 

England, although on some points of mechanical skill pertain- 
ing to the engineer's art the superior of France, holds the second 
rank to her in the science of her engineers. Witliout establish- 
ments for professional training corresponding to those of France, 
the English enffineers, as a body, have, until within a few years, 
laboredunder me disadvantage of having none of those institu- 
tions which, by creating a common bond of union, serve not only 
to diffuse science throughout the whole body, but to raise ment 
to its proper level, and Irown down alike, through an enlightened 
esprit de corps^ the assmnptions of ignorant pretension, and the 
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malevolence of petty jealonsies. Although, as a body, lees ad 
vantageously placed, in these respects, than their more thorough- 
bred brethren of France, the engineers of England can point, 
Ndth a just feeUng of pride, not only to the monuments of their 
' skill, but to indfvidual names among them which, achieved 
under the peculiar obstacles ever attendant upon self-education, 
yet stand in the first rank of those by whose genius the indastrial 
arts have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge architecture, although their efforts in this line are less 
widely known through their publications than tliose of France 
and Ejigland. Amonj? the many bridges belonging to Italy, may 
be justly cited the far-tamed RiaUo ; tne bridge ot^anta Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
matical puzzle; and the recent single arch over the DcraSiparia 
near Turin. 

In the United States, the pressingimmediate wants of ayoune 
people, who are still without that accumulated capital by which 
alone great and lasting public monuments can be raised, have pro- 
ven tea much being done, in bridge building, except of a temporary 
character. The bridges, viaducts, and aqueducts of stone in our 
country, almost without an exception, have been built of rustic 
work through economical considerations. The selection of this 
kind of masonry independently of its cheapness, has the merit of ap- 
propriateness, when taken in connection with the natural features 
of the localities where most of the sestructures are placed. Among 
the works of this class, may be ci ted the railroad bridge, called the 
ThomoB Viaduct^ over the Patapsco, on the line of me Baltimore 
and Washingtonrailroad, designed and built by Mr. B. H.Latrobe, 
the engineer of the road. This is one of the few existing brid,<^e 
structures with a curved axis. The engineer has very nappily 
met the double diflBculty before him, of being obliged to adopt a 
curved axis, and of the want of workmen sufficiently conversant 
with the application of working drawings of a rather compli- 
cated character, by placing full centre cylindrical arches upon 
yiers with a trapezoidal horizontal section. Tliis structure, with 
tne exception of some minor details in rather questionable taste, 
as the slight iron parapet railing, for example, presents an impo- 
sing aspect, and does great credit to theintelligenceandskillof 
the engineer, at the time of its construction, but recently launched 
in a new career. The fine single arch, known as the CarroUon 
Viaduct^ on the Baltimore and Ohio railroad, is also highly credit- 
able to the science and skill of the engineer and mechanics under 
whom it was raisd. One of the largest bridges in the United 
States, designed and partly executed in stone, is the Potomod 
Aqueduct at Georgetown, where the ChesapeaJLe and Ohio canal 
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iDtenects the Potomac river. This work, to which a wooden 
Buperstracture has been made, was built under the superintend* 
ence of Captain Tumbull of the U. S. Topographical Engineers, 
In the pubushed narrative of the progress of this work, a very full 
account is given of all the operations, in which, while the re- 
sources and skill of the engineer, in a very difficult and, to him, 
untried application of his art, are left to be gathered by the reader 
from the successful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less truthful course 
may place in prospect before him. 

581. The following table contains a sunmiary of the principal 
details of some of the more noted stone bridges of Europe. 
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(A) This fine structure, designed and built by the celebrate<l 
Perronet, forms an epoch in bridge architecture, from the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the arc 
at the spring being 20.9 feet, and that of the arc at the crown 
169.1 feet. The engineer conceived the idea of giving to the 
soffit a funnel shape, by widening it at the heads, from the crown 
to tlie springing line. This he effected by connecting .the soffit 
of each arch and the heads by a warped surface, which passed, 
on the one hand, through a fiat circular arc, described upon the 
heads through the points of the crown and the top of the two ad- 
jacent starlings, and, on the other, through two curves on the- 
soffit, cut out by two vertical planes, oblique to the axis, passed 
through the highest poiht of the curve onlhe heads, and through 
points on the two respective springing lines of the arch. The <% 
ject of this arran^ment was twofold ; first, — as the springing lines 
w^re placed at the low-water level, the bridge, during the seasoni 
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of high water, would have appeared rather heayji as the greater 
part of the soiEt, at this perioa, would have been under water, — 
It gave the bridge a lighter appearance during the epochs of high 
water ; and, second, as the obstruction to me free flow of the 
water from the spandrels would be very considerable at the same 
periods, the funnel form given to the 80j£t at the heads partially 
remedied this inconvenience. 

The axis of the roadway, the cornice, and all the correspond- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendered 
classical ; and to obtain which points truly essential conditions 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 
piers but 13.8 feet at the same point, giving an example of judi- 
cious boldness combined with adequate strength, on scientific 
principles, which had been partially lost sight of by preceding en- 
gineers in designing this part of bridges. 

The centres of the Weuilly bridge were designed upon the 
faulty principle of concentric polygonal frames. Perronet was 
aware of the ineonveniences of this combination, and in no part 
of the construction of the bridge than in this was more sagacious 
forethought displayed by him, in providing for foreseen contingenr- 
cies, nor greater resources and skill in remedying those which 
could not have been anticipated. An oversight, rather more 
serious in its consequences, was committed in widening the natu- 
ral water-way of the river where the bridge was erected ; the 
effect of this has been a gradual deposition near the bridge, and 
an obstruction of the navigable channcis. 

The bridge of Neuilly is a noble monument of the genius and 
practical skill of its engmeer. The style of its architecture, both 
as a whole and in its several parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs of Perronet. Se- 
duced by a thorough knowledge of the c^pabiUties of his art, the 
engineer was led, in planning this structure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and lightness of desi^. This he efiected by placing 
very flat segment arches upon piers formed of four colunms ; the 
two, forming the starlings, being united to the two adjacent by a 
connecting wall, an interval being left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between tliem. 

The engineer who constructed the bridge, apprehensive appa- 
rently for its safety, introduced into the courses of the piers and 
of the arches a large quantity of iron ties and cramping pieces, a 
measure of orecaution which, if necessary, ought to have con- 
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jemned the original designs, although supported by the high 
authority oi Perronety and caused otners to be substituted loi 
them. 

(C) This bridge, now designated as the Pont de TEcole Milt 
taire, from its locality, and the bridge of Rouen^ are built upon 
nearly the same designs. The former is a model of architectural 
taste and of skilful workmanship. Its horizontal architectural 
lines, its fine cornice, copied from that of the temple of Mars the 
Avenger, and the sculptured wreath on its spandrels, form a 
whole of singular beauty. 

(D) This bridge, designated when first built as the Strand 
Bridge, is worthy of the great metropolis in which it is placed. 
The engineer, influenced perhaps by other examples of the same 
character in the vicinity of this structure, has placed small col- 
umns upon the starlings, which support recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of that imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have failed to produce. 

(E) This fine elliptical arch is, in some respects, built in imi- 
tation of the Neuilly bridge, with a funnel-shaped soffit. Its gen- 
eral architectural effect is heavy, and its mere ornamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
superintended it. In his narrative of tlie work, Mr. Telford takes 
blame to himself for oversights and unanticipated results, in which 
the scrupulous care that he conscientiously brought to every un- 
dertaking committed to him is unwittingly thrown into bolder 
relief, by the very confession of his failures ; and a lesson of in- 
struction is conveyed, more pregnant with important consequences 
to the advancement of his profession than tne recording of hun- 
dreds of successful instances only could have fumishedf 

(F) This noble work of Sir John Rennie must ever rank among 
the master-pieces of bridge architecture, in every point by which 
this class ot structures should be distinguished. For boldness, 
strength, simpUcity, massiveuess without heaviness, and a happy 
adaptation oi design to the locality, it stands unrivalled. Hie 
beauty which is generally recognised in a level bridge has, in 
this, been judiciously sacrificed to a well-judged economy ; and 
the artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches firom the 
centre to the two extremities. The square plain buttresses, 
which rise above the starlings and support the recesses for seats, 
are of farther obvious utility in strengthening the head-walls, 
which, at these points are of considerable height ; and they alac 
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pTodice, in this case, a not unpleasing architeitural effect, h 
separating tlie unequal arches, without impairing the vnity of the 
general design. « 

(G) This is the boldest single arch of stone now standing, and 
is a splendid example of architectural desicn and skilful workman 
ship. The soffit of the arch is made slightly funnel-shaped, which 
. gives the bridge an air of almost too great boldness. The cornice, 
which is copied from the same model as that of the bridge of 
Jena ; the convex cylindrical-shaped wing*walls, which give an 
approach of 144 feet between the parapets ; with the other archi« 
tectural accessories, have made this bndge a model of good taste 
for imitation under like circumstances. From the omission of a 
usual architectural member, there is perhaps a slight feeling of 
nakedness produced on the mind of the rigid connoisseur in art, 
on first seem^ this structure, and its beauty is in some degree 
marred by this want. 

The abutments of this bridge are 40 feet thick at the founda-' 
tions, and, besides the wing-walls, are strengthened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but httle to the eye that 
is commendable ; for this the engineer who superintended it is 
hardly responsible, except so far as, from professional sympatliy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutments form a continua- 
tion of the arch ; and the other details of the construction through- 
out exhibit that thorough acquaintance with their art for which 
the Hartleys, father and sad, are well known to the profession. 

682. The practice of bnage building is now generally the same 
throughout the civilized world. In France, the method of laying 
the foundations by caissons has, in most of their later works, been 
preferred by her engineers to that of coffer-dams ; and in the su- 
perstructure of their bridges the French engineers have generally 
filled in, between the arches and the roadway, with solid material. 
In some of these bridges, as in that of Bordeaux^ where appre- 
hension was felt for the stability of the piling, a mixed masonry 
of stone and brick was used, and the roadway was supported by 
a system of light-groined arches of brick. Among tne recent 
French bridges, presenting some interesting features in their con- 
struction, may be cited that of Souillac oyer the Dordogne. The 
river at this place having a torrent-like character, and the bed 
being of lime-stone rock with a very uneven surface, and occa 
sional deep fissures filled vrith sand and gravel, the obstacle tc 
using either the caisson, or the ordinary coffer-dam for the foun- 
dations, was very great. The engineer, M. Vicat, so well knowa 
vy his researches upon mortar, &c., devised, to obviate tbeM 
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Jifficulties, the plan of enclosing the area of each pier by a coffer- 
work accurately fitted to the surface of the bed, and of filling this 
with beton to form a bed for the foundation courses. This he 
effected, by first forming a frame-work of heavy timber, so ar« 
ranged that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed vessel 
to contain the semi-fluid material for the bed. After this coffer- 
work was placed, the loose sand and gravel was scooped from 
the bottom, the asperities of the surface levelled, and the fissures 
were voided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser and rounder material like gravel. On this 
prepared surface, the bed of beton, which was from 12 to 15 feet 
m thickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and the stone superstructure 
then laid upon it, by using an ordinary coffer-dam that rested on 
the frame-work around me bed. In this bridge, as in that of 
Bordeaux, a provisional trial-weight, greater than the permanent 
load, was laid upon the bed, before commencing the superstruc- 
ture. 

To give greatc: security to their foundations, the French usually 
surround them with a mass of loose stone blocks thrown in and 
allowed to find their own bed. Where piles are used and pro- 
ject some height above the bottom, they, m some cases, use, be- 
sides the loose stone, a grating of heavy timber, whicn lies between 
and encloses the piling, to give it greater stiffness and prevent 
outward spreading. In streams of a torrent character, where the 
bed is liable to be worn away, or shifted, an artificial covering, 
or apron of stone laid in mortar, has, in some cases, been used, 
both under the arches and above and below the bridge, as far as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread over the river-bed between the 
piers, and it has been found to answer perfectly the object of the 
tngineer, the blocks having, in a few years, become united into a 
firm mass by the clayey sediment of the river deposited in their 
interstices. At the elegant cast-iron bridge, built over the Lary 
near Pl}rmouth, resort was had to a similar plan for securing the 
bed, which is of shifting sand. The engineer, Mr. Rendel, liere 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, and imbedded in it loose stone. This method, 
which for its economy is worthy of note, has fully answered the 
expectations of the engineer. 

The English enrineers have greatly improved the method of 
centiin^, and, in tneir boldest arches, any settling approaching 
that which the French engineers usually counted upon, on striking 
their centres, would now be regarded as an evidence of great de 
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feet in the design, or of very unskilful workmanship. They 
have generally, in their recent bridges, supported their roadway 
either upon dat stones, resting on Ught walls built parallel to the 
heads, or else upon light cyUndrical arches laid upon piers having 
the same direction. In the preparation for laying the beds of their 
foundations, they have generally preferred the coffer-dam to any 
other plan, although in many localities the most e]^nsive, on 
account of the greater facility and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an application of beton a* the French for hydraulic purposes, 
and, from navinc mostly usee what is known as concrete among 
their architects, have met with some signal failures in its employ- 
ment for these purposes. 

WOODEN BRIDGES. 

683. A wooden bridge consists of three essential parts : 1st, 
the abutments and piers which form the points of support for 
the bridge frame ; 2d, the bridge frame which supports the su- 
perstructure between the piers and abutment; 3a, the super- 
structure, consisting of the roadway, parapets, roofing, &c. 

584. The abutments and piers may be either of stone, or of 
timber. Stone supports are preferable to those of timber, both 
on account of the superior durabihty of stone, and of its offering 
more security than frames of timber against the accidents to 
which the piers of bridges are hable from freshets, ice, &c. 

585. The forms, dimensions, and construction of stone abut- 
ments and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, and the kind of bridge- 
frame adopted. If the bridge-frame is so arranged that no lateral 
thrust is received from it by the piers, the dimensions of the latter 
should be regulated to support the weight of the .bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as freshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regidated by the pressure upon them from the embank- 
ments of the approaches. 

586. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments and piers must be suit 
ably adapted to resist this action, and secure the supports from 
being overturned. Abuiment-piers may be used with advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for repairs. The starlings should in all cases be 
carried above the Une of the highest water-level, and the portion 
of the pier above this line, which supports the roadway bearers 
may be built with plane faces and ends. 
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587. Wooden abutments may be formed by constructing what 
18 termed a crib-work, which consists of large pieces of square 
timber laid horizontally upon each other, to form the upright, or 
sloping faces of the abutment. These pieces are halved into each 
other at the angles, and are otherwise firmly connected togethei 
by diagonal ties and iron bolts. The space enclosed by the crib- 
work, which is usually built up in the manner just described, only 
on three sides, is filled with earth carefully rammed, or widi dry 
stone, as circumstances may seem to require. 

A wooden abutment of a more economical construction may 
be made, by partly imbedding large beams of timber placed in a 
vertical or an inclined position, at intervals of a few feet from 
each other, and forming a facinc of thick plank to sustain the 
earth behind the abutment. Wooden piers may also be made 
according to either of tlie methods here laid down, and be filled 
with loose stone, to give them sufficient stability to resist the 
forces to which they may be exposed ; but the method is clumsy, 
and inferior, under every point of view, to stone piers, or to the 
methods which are about to be explamed. 

588. The simplest arrangement of a wooden pier consists 
(Fig. 127) in driving heavy square or round piles in a single 
-ow, plating them firom two to four feet apart. These upright 




Fig. 1S7— Elevatioo of a wooden pier. 
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pieces are sawed off level, and connected at top by a honzootd 
oeam, tenned a cop, which is either mortised to receiye a tenoa 
made in each upright, or else is fastened to the uprights by bolts 
or pins. Other pieces, which are notched and bolted in pairs on 
the sides of the uprights, are placed in an inclined, or diagonal 
position, to brace tlie whole system firmly. The several uprights, 
of the pier are placed in the direction of the thread of the current. 
If thought necessary, two horizontal beams, arranged like the 
diagonal pieces, may be added to the system just below the lowest 
water-level. In a pier of this kind, ike place of the starlings is 
supplied by two inclined beams on the same line with the up- 
rights, which are termed fender-beams. 

589. A strong objection to the system just described, arises 
from the diiEculty of replacing the uprights when in a state 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by the uprights, (Fig. 
128,) to connect these piles below the low-water level by four 



Fiff. ISS— Plan O, elevation M, and cnn section 
N, showing the arrangement of the capping 
of the foundation piles with the uprights. 

a, piles. 

b, capping of four beams bolted together. 

c, uprights. 



horizontal beams, firmly fastened to the heads of the piles, 
which are sawed off at a proper height to receive the horizontal 
beams. The two top beams nave large square mortises to re- 
ceive the ends of the uprights, which rest on those of the piles. 
The rest of the system may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and they rest on a solid substructure not subject to de- 
cay ; shorter timber also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

590. In deep water, and especially in a rapid current, a single 
row of piles might prove insufficient to give stability to the up 
rights ; and it has therefore been proposed to give a sufficient 
spread to the substructure to admit of bracing the uprights by struts 
on the two sides. To effect this, three piles (Fig. 129) should 
be driven for each upright ; one just under its position, and the 
other two on each side of this, on a line perpendicular to that of 
the pier. The distance between the three piles will depend or. 
he inclination and ength that it may be deemed necessary to 
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give the struts. The heads of the three piles are sawed off lerel 
and co.ni ected by two horizontal clamping pieces below the low 




Fif . 1S9— Elevation of the amngement of a 
toandation for a wooden pier. 
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est water. A square mortise is left in these two pieces, over the 
middle pile, to receive the uprights. The uprights are fastened 
together at the bottom by two clamping pieces, which rest on 
those that clamp the heads of the piles, and are rendered firmer 
by the two struts. 
'591. In localities where piles cannot be driven, the uprights 
of the piers may be secured to the bottom by means of a grating, 
arranged in a suitable manner to receive the ends of the uprights. 
The bed, on which the grating is to rest, having been suitably 
prepareci, it is floated to its position, and sunk cither before or 
after the uprights are fastened to it, as may be found most con- 
venient. The gratinff is retained in its place* by loose stone. 
As a farther security for the piers, the upnghts may be covered 
by a sheathing of boards, and the spaces between the sheathing 
be filled in with gravel. Wooden piers may also be constructed, 
if necessary, of two parallel rows of uprights placed a few feet 
apart, and connected by cross and diagonal ties and braces. 

592. As wooden piers are not of a suitable form to resist heavy 
shocks, ice-breakers should be placed in the stream, opposite to 
each pier, and at some distance firom it. In streams witn a gen- 



^ Fig. 130— Elevation M and plan N of a 

T 0, a, foundation iMlea. 
b, b, capping of pile& 




Se, onhghts. 
, incfined 1 



lender-beam diod with iron. 



tie current} a shnple inclined beam (Fig. 130) covered with thick 
iheet iron, and supported by uprights and diagonal pieces, vnH 
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be all that is necessary for an ice-breaker. But in rapid curreiita 
a crilb-worky having the form of a triangular pyramid^ (Fig. 131, 




^ Fig. 131— Elevation M and plan N of tfat 
iraine of an ice-breakei to be filled in 
with broken stone 



the up-stream edge of which is covered with irwi, will be re- 
quired, to offer sufficient resistance to shocks. The crib-work 
may be filled in, if it be deemed advisable, with blocks of stone. 

593. The width of the bays in wooden bridges will depend on 
the local circumstances. As a general rule, the bays may be 
wider, and in bridge-frames of curved timber the rise less, than 
ia stone bridges. In arranging this point, the engineer must take 
into consideration the fact 3iat wooden bridges require more fre- 
quent repairs than those of stone, arising from tlie decay of the 
material, and from the effects of shrinking and vibrations upon 
the joints of the frames, and that the difficulty of replacing de- 
cayed parts, and readjusting the frame-work, increases rapidly 
wiih the span. 

594. Bridge-frames may be divided into two general classes. 
To the one belong all those combinations, whether of straight or 
of curved timber, that exert a lateral pressure upon the abutments 
and piers, and in which the superstructure is generally above the 
bridge-frame. To the other, those combinations which exert no 
lateral pressure upon the points of support, and in which the road 
way, &;c. may be said to be suspenaed from the bridge-frame. 

595. Any of the combinations, whether of straight, or of curved 
timber, described under the head of Framing, may be used for 
bridges, according to the width of bay selected. A preterence, 
within late years, has been generally given by engineers to com- 
binations of straight timber over curved frames, from the greater 
simplicity and lacility of their construction, as well as their 
greater economy ; as curved frumes require much moie iron in 
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ibe form of bolts, ties, &:c., than frames of straight timber, aud 
more costly mechanical contrivances for putting the parts together, 
and setting the frame upon its supports. 

690. The number of ribs in tne bridge-frame will depend on 
the general strength required by the object of the structure, and 
upon the class offrame adopted. In the first class, in which the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or else be so placed as to give the best support to the loads wnich 
pass over the bridge. In the second class, as the frame usually 
lies entirely, or projects partly above the roadway, &c., if more 
than two ribs are required, they are so arranged that one or two, 
%s circumstances may demand, form each head of the bridge, and 
one or two more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adja- 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exterior ribs, 
between them. 

597. The mamier of constructing the ribs, and of connecting 
them by cross ties and diagonal braces, is the same for bridge 
frames as for other wooden structures ; care beinff taken to ob- 
tain the strength and stiffness which are pecuUany requisite in 
wooden bridges, to preserve them from the causes of destructi 
bility to which they are liable. In frames which exert a lateral 
pressure against the abutments and piers, the lowest points of 
the frame-work should be so placed as to be above the ordinary 
high-water level ; and plates of some metal should be inserted at 
those points, both of the frame and of the supports, where the 
effect of the pressure might cause injury to the woody fibre. 

698. The roadway usually consists of a simple flooring formed 
of cross joists, termed tfie roadway-bearers^ ox floor-girders, and 
flooring-boards, upon which a road-covering either of wood, or 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in laying longitudinal joists of 
smaller scantling upon the roadway-bearers, to support the 
flooring-boards. This method preserves more effectually than 
the other the roadway-bearers from moisture. Besides, in 
bridges which, from the position of the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placmg hon- 
zontal diagonal braces between each pair of roadway-bearers 
For like reasons, ston'? road-coverings for wooden bridges are 
generally rejected, and one of plank used, which, for a horse, 
track, should be of two thicknesses, so that, in case of repairs, 
arising from the wear and tear of travel, the boards resting upoii 
the flooring-joists may not require to be removed The footpathf 
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ooimist simply of a slight flooring of sufficient width, which ft 
usually detached from and raised a few inches above the roadway 
surface. 

599. When the bridge-frame is beneath the rc&dway, a distinci 
parapet will be requisite for the safety of passengers. This maj 
be formed either of wood, of iron, or of the two combined. It :s 
most generally made of timber, and consists of a hand and foot 
rail connected by uprig;ht posts and stiffened by diagonal braces 
A wooden parapet, oesides the security it gives to passengers, 
may be made to add both to the strength and stiffness of the 
bridge, by constructing it of timber of a suitable size, and con« 
necting it firmly with the exterior ribs. 

600. In bridge frames in which the ribs are above the roadway, 
a timber sheathing of thin boards will be requisite on the sides, 
and a roof above, to protect the structure from the weather. The 
tie-beams of the roof-trusses may serve also as ties for the ribs 
at top, and may receive horizontal diagonal braces to stiffen the 
structure, like those of the roadway-bearers. The rafters, in the 
case in which there is no centre rib, and the bearing, or distance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, may serve as points of sup- 
port for suspension pieces of wood, or of iron, to which the middle 
point of the roadway-bearers may be attached. 

601 . When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyond the head, will pro- 
tect it from the weather, if the depth of the ribs be not very great. 
In the contraiy case a side sheatning of boards may be requisite. 

602. The frame and other main timbers of a wooden bridge 
will not require to be coated with paint, or any like composition, 
to preserve them from decay when they ^e roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 
preservatives a^nst atmospheric action may be used for them. 
The under surtace and jomts of the planks of the roadway may 
be coated with bituminous mastic when used for a horse-track ; 
in raibroad bridges a metallic covering may be suitably used 
when the bridge is not traversed by horses. 

603. Wooden bridges can produce but little other architectural 
effect than that which naturally springs up in the mind of an 
educated spectator in regarding any judiciously-contrived struc* 
ture. When the roadway and parapet are above the bridge- 
frame, a very simple cornice may be formed by a proper combi- 
nation of the roadway-timbers and flooring, which, witn the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be ot obvious utiUty in covering tne parts beneath from the 
weather. In covered bridges, the most tnat can be done will be 
to paint them with a unimrm coat of some subdued tint. A 
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best, from their want of height as . compared with their length, 
covered wooden bridges must, for the most part, be only misightly 
laid also apparently insecure structures when looked at from suck 
a point of view as to embrace all the parts in the field of vision ; 
and any attempt, therefore, to disguise theit true character, and to 
give them by painting the appearance of houses, or of stone arches, 
while it must fail to deceive even the most ignorant, will only be* 
tray the bad taste of the architect to the more enlightened judge. 

604. The art of erecting wooden bridges has oecn carried to 
great perfection in almost every part of tne world where timber 
has, at any period, been the principal building material at the 
disposal of the architect. The more modem wooden bridges of 
Switzerland and Germany occupy in Europe the first rank, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been even 
surpassed in die United States, and our wooden bridges and the 
skill of our engineers and carpenters, as shown through them, 
have become deservedly celebrated throughout the scientific 
world. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection m the me* 
chanical executicm, and boldness of design. If they are open to 
the charge of any fault, it is to that of too great boldness of de- 
sign, in spanning very wide bays with ribs of open-built beams 
either unsupported, or but imperfectly so, at intermediate points, 
by any combination of struts and corbels, or straining beams. 
The want of these additions is more or less apparent in the great 
vibratory motion felt on some of the more recent railroad and 
other bridges, and in a consequent disposition in the frame to 
work loose at the joints and sag. 

605. The following Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 



MAMS, STC. or BEUMB. 


Number or 


Width of 
widest bay. 


KlM or depth 
of rib. 


Bridge of Schaff hausen, (A) . . 


2 


193 ft. 


_ 


Bridge of KaEidel,(B) . . 






1 


166 " 


— 


Bridge of Bamberg, ) ^^x 
Bridge of Freysingen, J ^ ' 






1 
2 


208 « 
153 " 


16.9 ft. 
11.6 " 


Essex bridge, (D) . . . 






1 


260 " 


— 


Upper Schaylkill bridge, (E) 






1 


340 " 


20 « 


Bfarket-etreet bridge, (F) . 
Trenton bridge, (G) 






3 


195 '« 


12 " 






6 


200 '^' 


27 « 


Columbia bridge, (H) . 






29 


200 " 


— 


Richmond bridge, (I) . . . 
Springfield bridge, (K) . . 






19 


153 " 


15.4 •* 






7 


180 « 


16 •• 
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(A) This celebrated Swiss bridge, built by John Ubich Gra 
benmann, a carpenter, consisted of two bays, the one 193 and 
the other 172 feet. The bridge-firame was formed of two ribi 
with a roadway between them. Each rib was framed, in some 
respects, on the same principle as an open*built beam, the uppef 
string being supported by a number of inclined struts wnick 
rested against the abutments and pier, and the lower string, upon 
which the roadway timbers were laid, being suspended from tht 
upper by suspension pieces. The whole structure was consoli- 
dated and braced by bolts, stays, and straps of iron. Remarkable 
in its day, yet the drawings extant of the bridge of Schaffhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it in singular contrast with the equally bold and less com- 

? Healed structures of the like nature recently erected in the 
United States. 

(B) This is also a Swiss bridge, built over the torrent of Kan- 
del in the canton of Berne. Its ribs are formed of solid-built 
beams which gradually decrease in depth from the centre to the 
extremities ; this decrease being made by offsets, the built beams 
presenting the appearance of a number of straining beams placed 
below each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in various parts of Germany by 
Wiebeking. The bridge-frame in all of them consists of severaJ 
ribs of curved solid-built beams upon which tlie roadway timbers 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness. It is more expensive than frames of 
straight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs, although stiffer, are impaired in strength by the 
operation of bending them. 

(D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open* 
built beams, each of which is composed of three concentric solid- 
built beams, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in the direction of the radius of curvature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
formed of two thicknesses of scantling, about 12 or 15 feet in 
length, which abut end to end, breakmg joints, and are connected 
by keys of hard wood inserted into mortises made through the two 
thicknesses. By these arrangements the architect has sou^t 
to preserve both the curved shape and the parallelism of the sdid 
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beams forming the nb, and also to connect all the parts firmly. 
The combination is an ingenious attempt at constructing an arch 
of wood on similar principles to one ol stone, but is inferior tc 
the more simple and usual methods of forming curved open-built 
beams by using radial and diagonal pieces. 

(£) This bridge, designed and built by L. Wemwag, has the 
widest span on record. The bridge-frame (Fig. 132) consists 




Fig. 131— Represents a side view of a portion of the open carved rib of the 
nridge over the SchuyUnll at Philadelphia. 

A, lower carved solid beam. 

B, top beam. 

c, e, dii^nal braces. 

0, 0, iron diagonal ties. 

sn, m, iron stays anchored in the abutment C. 

of five ribs. Each rib is an open-built beam formed of a bottom, 
curved solid-built beam and of a single top beam, which are con- 
nected by radial pieces, diagonal braces, and inclined iron stays. 
The bottom curved beam is composed of three concentric solid- 
built beams slightly separated firom each other, each of which 
has seven courses of curved scantling in it, each course 6 inches 
thick by 13 inches in breadth ; the courses, as well as the con- 
centiic beams, being firmly united by iron bolls, &c. A road 
"way that rests upon the bottom curved ribs is left on each side 
cf the centre rib, and a footpath between each of the two exterior 
ribs. The bridge was covered in by a roof and a sheathing on 
the sides. 

(F) This is also one of the many bridges designed and built 
by Wemwag in the States of Pennsylvania and New Jersey. 
The bridge-frame consists of three ribs placed so far apart as to 
leave space between them for a carriage-way and a footpath on 
each side of the centre rib. Each rib is an open-built beam, 
consisting of a bottom curved solid-built beam, with mortises at 
intervals to receive radial pieces, which are connected at top by 
a sin^rle beam, also mortised to receive tenons on the heads of the 
ladial pieces. A single diagonal brace J6 placed between eacb 
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pair of radial pieces. Longitudinal beams reach from the crown 
of the curved rib of one bay to that of the next, and on these the 
roadway-bearers are laid transversely. 

(G) In this fine structure, the roadway-bearers are suspended 
from curved solid-built beams by iron-bar chains and suspension 
rods. The span of the centre bay is 200 feet, that of tne two 
adjacent 180 feet, and that of the extreme bays 160 feet. The 
bridge-frame (Fig. 133) consists of five ribs, having the same 




Fig. 133— Represents a side view of a portioii of a rib of Trenton faridgs. 

A, solid curved beam. 

a, a, a, cross girders suspended from A by the iron chains b, b. 
Cs e. roadway-bearen. 
df a, diagonal braces. 

B, portion of pier. 

C, frame work of roof-covering over the pien. 

arrangement for the roadway and footpaths as in the upper Schuyl- 
kill bridge. Each of the central ribs is formed of 8 courses of 
curved scantling, each course being 4 inches thick, and 13 inches 
broad. The two exterior ribs have 9 courses of scantling of the 
same dimensions. Inclined timber braces connect the curved 
beam and roadway timbers. The ribs are tied at top by croRS 
pieces, and stiffened by diagonal braces. The bridge-frame is 
braced on the exterior by vertical and horizontal timber-stays 
which abut against the top of the piers. The roadway is of 
plank laid upon longitudinal joists that rest on the roadway 
oearers. The roadway-bearers are stiffened by diagonal braces. 
The abutments and piers are of stone, the latter being 20 feet 
thick at the impost. 

(H) This, lijke most of the more recent bridges for railroads, 
aqueducts, &c., in Pennsylvania, is built upon Burr's plan, which 
{Fig. 134) consists in forming each rib of an open-bmlt beam of 
straight timber, and connecting with it a curved soUd-built beani 
formed of two or more thicknesses of scantling, between which 
the frame-work of the open-built beam is clamped. The open- 
built beam consists of a horizontal bottom beam of two thicknesses 
of tcanthng, termed the chords, which clamp uprights, termed thf 
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queenposts^ between them,— of a single top beam, tenned the plaU 
of the sideframey which rests uix)n die uprights, with which it ii! 




Fig. 134~Repre0enta a side view of a 

pQition of a rib of Bnir't bridge. 
0, a, arch timben. 
cT, if, queen-iMMlg. 
o, 6, iHticefl. 
e, e, choidB. 



«, e, plate of the ode ftame. 

0, o, floor girden on which the floorfag 

Jouti and flooring boanb mt 
n, n, check braces. 
t\ t, tie beame of roof. 
A, portion of pier. 



connected by a znoitise and tenon joint, — and of diagonal braces 
and other smaller braces, termed check braces, placed between 
the uprights. The curved*built beam, termed the arch^timbers^ 
is bolted upon the timbers of the open-built beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, termed the floor girders^ 
which may either rest upon the chords, or else be attached at any 
intermediate point between them and the top beam. The road 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-frames just described. The 
main difference consists in the application by Burr of wkat he 
terms the arch-timbers, to strengthen and stiffen an open-built 
beam. It may be remarked from the Figs. 134, 135, that the 
framing of the open-built beam is faulty, in that the top beam, or 
plate, is not only of less dimensions than the bottom beam, or 
chorcl, but is weakened by mortises, and moreover affords no> 
other support to the que^n posts, or uprights, vt hich act as sus- 
pension pieces for the chord, than that of the pLa which con£jie« 
the tenon in the mortise. Fiom the manner in which the aioh* 
limbers are formed and connected with the parts of the open-built 
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beam, they add but little if any more strength and stiffiiess tfaa 
would be given by straight timbers reaching from the springing 
point of the arch timbers to their crown ; and they are certamly 
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Fig. 135— Repranota the half of t 
erosB eectiou of Fig. 134 thm^h 
the crovni of the arch timben, in 
which tlie letten deoigoate the 
nine paitB ae in the preceding Fig. 

^, raAen of roof traa. 

A, k, diagonal braces of bndge fram^ 

Btttde^ewofthepMT. 



less efficacious in subserving their end than would be inclimsd 
struts, occupying a like position at bottom, and abutting against a 
straining beam, placed either under the centre part of the chord, 
where the locality would permit it, or under the centre portion of 
the plate. In localities wnere fine timber is less abundant than in 
those in which the most of Burr's bridges have been built, a iu- 
dicious regard to economy would undoubtedly have suggested a 
selection of forms for the secondary parts of the frame, which 
would have prevented these parts from being as much cut to 
waste as the Figs, show they must have been in the example 
taken to illustrate this system. 

(I) This structure, constructed under the superintendence of 
Moncure Robinson, Esq., is upon Town's plan. The width of 
the bays varies from 130 to 153 feet. It consists of two ribs, 
each 01 which is formed of a double lattice, with two chords at 
bottom and one at top. The roadway, for rails, rests on the top 
ffirders. The ribs are braced by vertical diagonal braces, and by 
horizontal diagonal braces between each pair of the top and bot- 
tom girders. The ^iers are of rustic work ; they are 40 feet 
above the low-water level, and 4 feet thick at top. The exam« 
Ae here selected for illustration (Fig. 136) is taken from another 
jridge, of nearly the same width of bay, erected subsequently 
lO the Richmond bridge, by the same engineer, in widch the top 
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\ chord also it doubled, as the former bridge was found to be r%thet 
weak. 




Fiff . 138— Rcmnsnnta a enw nctkni of a raflioad 
bridffe with Town'i truM, in which the ral^ of 
the road aie placed on a flooring on the top of 
thetnm. 

a, a, double lattice. 

Ct c, top and bottom ohords doubled. 

o. b. Tertical diagonal bracee of the two ribs. 

«, a, top and bottom girden. 

e,e, flooring joifta. 

11, crooi bearoTB of the rails. 

0, 0. corbeb or ■opport timbm on the pien «■ 
which the ribi reet. 

/, sheathing, or weather-boaiding. 



(K; This bridge is constructed on Howe's plan. It consist? 
^Fig. iU7) of two ribs which are connected at top and bottom, in 
the usu^l manner, with cross ties and diagonal braces. The 
roadway flooring rests upon the cross girders at bottom. The 
bridge 18 uot roofed, as is usually the case, the ribs being covered 
in on the tfides and at top by a sheathing of boards, and the 
flooring-boards by a metallic covering. 

The bridges constructed according to Colonel Long's plan 
have been mostly applied to medium spans. In the printed de- 
scription of the different improvements of this system patented 
by Colonel Long, he very judiciously introduces struts, which 
he terms arch braces^ either below the top or the bottom string, 
as the locality may demand, for the purpose of preventing saff« 
ging, which must necessarily take place in time m all open-buflt 
oeams of considerable span, if not strengthened in this way. 
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Fig. 137— ReprawDts a side view of the tniK and an end view of the nier, M ; a erom 
aeclion of the tni» and side view of the pier, M ; and a top view O, of the pier of 
the railroad bridf e at Springfield. 

A, inclined plane of the ice-breaker of the up-etream starling. 

a, a, iron side-itayB of the ribs anchored into the pieri at top. 

CAST-IRON BRIDGES 

606. Bridges of cast iron admit of even greater boldness of 
design than those of timber, owing to the superiority, both in 
strength and durability, of the former over the latter material ; 
and they may therefore be resorted to under circumstances very 
nearly the same in which a w^ooden structure would be suitable. 

607. The abutments and piers of cast-iron bridges should be 
built of stone, as the corrosive action of salt water, or even of 
fresh water when impure, would in time render iron supports of 
this character insecure ; and timber, when exposed to the same 
destructive agents, is still les< lurable than cast iron. 

The forms and dimensions jf fhe stone abutments and piers 
are regulated on the same principles as the like parts in wooden 
bridges with curved frames. The piers may be either built up 
high enough to receive the roadway-bearers, or else they may be 
terminated just above the springing plates of the bridge-framCi 
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ind fonn suppoits for eastern n standards upon which tbe roadway 
bearers may be laid. 

608. The curved ribs of cast-iron bridge-frames have under- 

fone various modifications and improvements. In the earliei 
ridges, Uiey were formed of sevenu concentric arcs, or curved 
beams, placed at some disaur.ce asunder, and united b^ radial 

Eieces ; the spandrels being filled either by contiguous rings, or 
y vertical pieces of cast iron upon which the roadway bearers 
were laid. 

In the next stage of progress towards improvement, the curved 
ribs were made lesd deep, and were each formed of several seg 
ments, or panels cast separately in one piece, each panel con 
sisting of three concentnc arcs connected by ludial pieces, and 
having flanches, with other suitable arrangements, for connecting 
them firmly by wrought-iron keys, screw-bolts, &c. ; the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled either with 
panels formed like those of the curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and vnrought-iron diagonal ties. 

In the more recent structures, the ribs have been composed of 
voussoir-shaped panels, each formed of a soUd thin plate with 
flanches around the edges ; or else of a curved tubular rib, formed 
like those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
and wrought iron. 

609. l^e roadway-bearers and flooring may be formed either 
of timber, or of cast iron. In the more recent structures in Eng- 
land, they have been made of the latter material ; the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection with the ribs ; and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, rest 
upon the flooring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English engineers have taken the lead in this branch 
of architecture, and, in uieir more recent structures, have carried 
it to a high degree of mechanical perfection and architectural 
elegance. Among the more celebrated cast-iron bridges in Eng 
larc, that of Coawrookdale belongs to the first epoch above men 
tianed ; those of Staines and Sunderland to the second ; and to 
the third, the bridge of Southwark at London ; that of Tewkea 
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hwry orer the Severn ; that orer the Lary near Plymouth, and a 
number of others in various parts of the United Kmgdom. 

The French engineers have not only followed the lead set them 
by the English, but have taken a new step, in the tubular-shaped 
ribs of M. Polonceau. The Pont des Arts at Paris, a very ligh 
bridge for foot-passengers only, and which is a combination oi 
cast and wrought iron, belongs to their earliest essays in this line ; 
the Pont (TAusterlitz, also at Paris, which is a combination simi- 
lar to those of Staines and Sunderland, belongs to tlieir second 
epoch ; and the Pont du Carrousel^ in the same city, built upon 
r olonceau's system, with several others on the same plan, belong 
to the last. 

In the United States a commencement can hardly be said to 
have been made in this branch of bridge architecture ; the bridge 
of eighty feet span, with tubular ribs, constructed by Major Dela- 
field at Brownsville, stands almost alone, and is a step contem- 
porary with that of Polonceau in France. 

The following TablQ contains a summary description of some 
of the most noted European cast-iron bridges. 



NAME or BRXDOS. 


Hivw. 


Hnnb. 

of 
■fehM. 


■CL*' 


Eiwia 
fact. 


Nnmb. 
ofnba. 


Date. 


EoCteMT. 


Coalbrookdale. (A) . . 
Wearmoiith, (B) . . 


Seveni. 




100.5 


40 




1779 


_ 


Yftmi. 




MO 


30 




1796 


Bunion. 


Btainei, (C) ... 


-~ 




181 


16.5 




1803 


— 


Austerlit*. (P) . . . 


Seine. 




106.6 


10.6 




1805 


Lamaodi. 


Vaiuhall. (E) . . . 


Thames. 




78 






1816 


Walker. 


Boathwark, (F) . . 


Thames. 




840 


ai" 




1818 


Rennie. 


Tewkesbury, (G) . . 


Severn. 




m 


17 






Telfoitl. 


CarronMl, (1) '. ! ! 


lAry. 




100 


U.5 




18S7 


Rendel. 


Seine. 




150 


16 




1838 


Poloncean. 



(A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a semicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
land, has a remarkably bold appearance, both from its great span, 
and its height, which is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre- 
sents the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spandrel-filling is 
formed of contiguous iron rings, of increasing diameters from the 
crown to the springing hne, which rest upon the back of the 
curved rib, and support the roadway-bearers. 

(C) Staines bridge was designed on the same plan as Wear- 
mouth ; but from a defect in the strength of its abutments, they 
successively yielded to the horizontal thrust, which in so flat ao 
arch was very considerable. 
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(D) The bridffe of Austerlitz is constructed on the same prin 
uwe as the two last, and produces a light and pleasing architec* 
curaj effect. Each curved rib consists of 21 Youssoir-shaped 
panels, about 4 feet in depth. The spandrel-fillings present the 
appearance of a continuation of the curved rib outwards, to form 
a support for the roadway-bearers. The piers are terminated at 
the springing lines of the curved rib, and are at this point 13 feet 
tliick ; the roadway above them being supported by the ribs con 
tinned up to its level. The roadway is on a level, the roadway 
nearers and flooring beinff of timber. 

(£) In this structure the curved rib is formed of soUd panels 
The spandrel-fillings consist of vertical shafts united by cross 
pieces. The piers are built up to support the roadway-bearers ; 
they are 13 feet thick at the springing line. The entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In this bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of tliirteen solid 
panels, each of which is 2f inches thick, and has a rim, or flanch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozenge-shaped panels with vertical joints ; they are secured 
to the back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-plates inserted between the 
joints of the voussoirs ; and they are oraced by feathered diago- 
nal braces. The piers are 24 leet thick at tne sprinmng line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 25 feet, and that of each of the footpaths 
7 feet, 

(G) This bridge presents a very light and elegant appearance ; 
the panels of the curved rib being cast with open curvihnear 
spaces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is 3 feet. The thickness 
of the two exterior ribs is 2^ inches, that of die four interior 
2 inches. The ribs are connected by grated tie-plates between 
the panel-joints, and they abut against springing plates which 
are 3 feet wide and 4 inches thick. The roadway-bearers and 
road-plates are of cast iron. The spandrel-filUng is composed 
of lozenge-shaped panels, the sides of the lozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-frame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered with iron 
road-platesj upon which the road-covering rests. The free road 
ipace is 24 feet. 

(H) Id this structure, (Figs. .39, 139,) the engineer has (to 
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parted from the usual form of a circulai segment aicr and 
adopted an elliptical segment. The following sunmiary (ieb«.np* 




Fiff. 13&— Repraieiiti a .oDgilodi- 
nal section throach a pier and its 
cast iron •tandard of Laiy bridge, 
■bowing tbe connection of the 
caat-iitm framing and the stone 
piers. 

A , upper portion of pier 

B, standard. 

C, panel of the curved rib. 

D, losenge spandrel-filling. 



tion is extracted from the engineer's published account of tias 
work : — " The arrangement of the design differs materially from 
other works of a similar nature : first, in the masonry of the piers 




Fig. 139— Represents a cross section of F!g 

138 taken through the axis of the pier. 
A, portion of pier. 

a, a, iron standards. 

b, b, road-plates laid on the roadway-beai^ 
ene, o 

d, d, diagonal braces of the standards. 
s, roadway-skirting fonning the base of tht 
parapet. 



P^^^ 



finishing at the springing course of the arches ; secondly, in the 
curvilinear forms of the piers and abutments ; and thirdly, in the 
employment of elliptical arches. 

** Tiie centre arch is 100 feet span, and rises 14 feet 6 inches, 
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die thickness of the piers, where smallest, being 10 feet The 
aiches adjoining the centre are 95 feet span each, and rise 18 
feet 3 incnes. The piers, taken as before, are each 9 feet 6 
inches thick. The extreme arches are each 81 feet span, and 
rise 10 feet 6 inches. The abutments are, in their smallest di 
mensions, 13 feet thick, forming at the back a strong arch abutting 
against the return-walls to resist the horizontal thrust. The ends 
of the piers are semicircular, having a curvilinear batter on the 
sides and ends formed with a radius of 35 feet, and extendinff 
upward from the level of high water to the springing course, and 
downward to the level of the water at the lowest ebb. The 
^ont of the abutments have a corresponding batter. 

" The roadway is 24 feet wide, supported by 6 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 inches in depth at the spring- 
ing, and 2 feet at the apex, by 2 inches thick, with a top ami 
bottom flange of 6 inches wide by 2 inches thick, and is cast in 
6 pieces ; tneir joints (which are flanged for the purpose) are 
connected by screw-pins with tie-plates equal in length to the 
width of the roadway, and in depth and thickness to the ribs ; 
between these meeting-plates the ribs are connected by strong 
feathered crosses, or diagonal braces, with screw-pins passing 
through their flanges and the main ribs. The springing-plates 
are 3 inches thick, with raised grooves to receive the ends of the 
ribs, which have double shoulders. These plates are sunk flush 
into the springing course of the piers and abutments, which, with 
the cordon and springing course, are of granite. The pier- 
standards and spandrel-fillings are feathered castings, connected 
transversely by diagonal braces and wrought-iron bars passing 
through cast-iron pipes, with bearing-shoulders for the several 
parts to abut a^inst. The roadway-bearers are 7 inches in 
depth by 1^ thick, with a proportional top and bottom flange; 
they are fastened to the pier-standards by screw-pins through 
sliding mortises, whereby a due provision is made for either ex 
pansion or contraction of the metal ; the roadway-plates are } of 
an inch thick by 3 feet wide, connected by flanges and screw- 
pins, and project 1 foot over the outer roadway-bearers, thus 
forming a cornice the whole length of the bridge. 

'' The adoption of these forms for the piers and arches, in uni- 
son with the plan of finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given a 
degree of uniform lightness combined with strength to the general 
efiect, unobtainable by the usual form of straight-sided piers cai« 
ried to the height of the roadway, with flat segments ot a circle 
for the arches. 

(I) The curved ribs of this bridge are tubular, the cross see* 
tion of the tube being an ellipse, the transverse axis of which k 
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2 feet 6 iuches, and the conjugate about 1 foot 4 inches. Each 
rib consists of eleven pieces, which are shaped and connected as 
described under the head of Framing. The spandrel-fillings are 
formed of contiguous cast-iron rings which rest upon the ribs, 
and support the longitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piers are built up to 
receive the roadway-bearers. 

The systen^ of M. Polonceau presents a very light and elegant 
form of cast-iron bridge. The inventor claims for it more econo- 
my than by the ordinary combinations, and also more lightness 
combined with adequate strength. It has been objected to this 
system that it is defective in rigidity ; this the inventor seems 
disposed to regard as an advantage, and has preferred the span- 
drel-filling of rings partly on this account, because their elasticity 
is favorable to a gradual yielding and restoration of form in the 
paru. 

611. Effects of Temperature on stone and cast-iron Bridges 
The action of variations of temperature upon masses of masonry, 
particularly in the coping, has already been noticed. The effect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by him at Souillac, 
in the joints of which periodical changes were fpund to take place, 
not only from the ranges of temperature between the seasons, but 
even daily. Similar phenomena were also very accurately noted 
by Mr. George Rennie in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tablished, that the joints of stone bridges, both in the arches and 
spandrels, are periodically affected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstances, 
any danger to tlie permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob- 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metd. The failure in the 
abutments of the iron bridge at Staines was imputed to this cause, 
and like objections were' seriously urged against other structures 
about to be erected in England. To put this matter at rest, ob- 
servations were very carefully made by Sir John Rennie upon 
the arches of Southwark bridge, built by his father. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about j\ih of an inch for each degree of Fahr., 
or 1.25 inches for 50^ Fahr. The change of form and increase 
of pressure arising firom this cause do not appear to have affected 
n any sensible degree the permanent stability either of this struc 
ture, or of any of a like character in Europe. 
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612. The use of flexible materials, as cordage and the like, to 
fonn a roadway over chasms, and narrow water-courses, datet 
firom a very early period ; and structures of this character were 
probably among the first rude attempts of ingenui^, before the 
arts of the carpenter and mason were sufficiently advanced to be 
made subservient to the same ends. The idea of a suspended 
roadway, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction would aemand 
only obvious means and but little mechanical contrivance ; but 
the step from this stage to the one in which such structures are 
now found, supposes a very advanced state both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employed, differed little from the first rude structures, 
no recorded attempt had been made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
chain supports, and suspending the roadway from it, are sped 
fically laid down, diffenng, in no very material point, from the 
practice of the present day in this branch of bridge architecture. 
Since then, a number of structures of this character have been 
erected both in tlie United States and in Europe, and, in some 
instances, valleys and water-courses have been spanned by them 
under circumstances which would have bafHed the engineer's art 
in the employment of any other means. 

A suspension bridge consists of the supports, termed piersj 
from which the suspension chains are hung ; of the ancnoring 
masses, termed the abutments, to which the ends of the suspen- 
sion chains are attached ; of the suspension chains, termed the 
main chains, from wliich the roadway is suspended ; of the verti- 
cal rods, or chains, termed the suspending-chains, &c., wliich 
connect the roadway with the main chains ; and of the roadway. 

613. As the general principles upon which flexible supports 
for structures should be arranged have already been laid down 
under the head of Framing, nothing more will be requisite, undo 
the present head, than to add those modifications of the applica 
tions of these principles called for by the character of the struc • 
tures in question. 

614. nays. The natural water-way may be divided into ac^ 
number of equal-sized bays, depending on local circumstance 
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and the comparative cost of high or low piers, and that of tht 
main chains, and the susp ending-rods. 

A bridge with a single bay of considerable width presents a 
bolder and more monumental character, and its stability, all other 
things being equal, is greater, the amplitude from undulations 
caused by a moveable load being less tnan one of several bays. 

If two bays of equal span are preferred to a single one with 
an equal versed sine, the chains may be supported either by a 
single central pier, or by three piers of the same height. With 
a single pier, the structure will present the appearance (Fig. 101, 
Art. 538) of two half curves. The tension on the chains and 
the horizontal strain at the top of the pier will, in this case, be 
the same as in that of the full curve of double the span aYid the 
same versed sine ; and twice as great as in the case of three 
piers with curves of equal span and the same versed sine. 

If, instead of a central uier with two semi-arches, two entire 
arches be preferred for the oridee, then three piers will be neces- 
sary, whicn need only be half the height of those which a single 
bay would require. The tension on the chains in this case will 
be only one fourth of that upon the chains of a bridge with a sin- 
gle bay of double width ; and the abutments may be made pro- 
portionally less strong. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a common foundation, and 
are usually connected at top. The form given to the pier, when 
of stone, will depend in some respects on me locality. Generally 
it is that of the architectural monument known as the Triumphal 
Arch ; an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two odiers of smaller dimensions, 
on each side of the main one, for approaches to the footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, have in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, beinff subject to vibrations from the action of the 
chains upon them, which in turn, from the reciprocal action upon 
the chains, tends very much to increase the amplitude of the vi- 
brations of the latter. These effects have been observed to be 
the more sensible as the columnar piers are the higher and more 
slender. 

Cast-iron piers, in the form of columns connected at top by an 
entablature, have been tried vnth success, as also have been 
Cf'lanmar piers of the same material so arranged, with a joint at 
their base, that they can receive a pendulous motion at tojp to ac- 
commodate any increase of tension upon either branch of the chain 
resting on them. 

The dimensions of piers will depend upon their height and the 
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■tiain upon thsm. When built of stone, the masonry should be 
Tery carefully constructed of large blocks well bonded, and tied 
by metal cramps. The heieht of ^e piers will depend mostly 
on the locality. When of the usual forms, they should at least 
be high enough to admit the passage of vehicles under the arched 
way of the road. 

616. Abutments. The forms and dimensions of the abutments 
will depend upon the manner in which they may be connected 
with the chains. When the locality will admit the chains to be 
anchored without dieflecting them vertically, the abutments may 
be formed of any heavy mass of rou^ masonry, which, from its 
weight, and the manner in which it is imbedded, have sufficient 
strength to resist the tension in the direcUon of the chain. If it 
is found necessary to deflect the chains vertically to secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to fnresent sufficient sti'ength to resist the 

Eressure caused by thie resultant of the tension on the two 
ranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
Older to give additional resistance to the anchoring points. 

617. Slain Chains, &c. The suspending curves, or arches, 
may be made of chains formed of flat, or round iron, or may con 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier suspension bridges were fonned 
of long links of round iron made in the usual way ; but, indepen- 
dently of the greater expense of these chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Chains formed of long links of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shaped 
links. 

The breadth of the chains has generally been made uniform ; 
but in some recent bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in breadth, by increas- 
ing the number of bars in a. link, from the centre to the points of 
suspension. In addition to this change in the form of the main 
chains, Mr. Dredge places the suspending chains in a vertical 
plane parallel to the axis of the bridge, but obliquely to the hori- 
zon, inclining each way from the points of suspension towards 
the centre of the curve. From experiments, it appears that a 
very considerable increase of strength, for the same amount of 
Viaterial, is given by these modifications. 

The niunber and disposition of the chains will depend upon the 
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Strain to be borne and the arrangement of the roadway and foot 
paths. For a single carriage-way the main chams are disposed 
on each side, leaving the requisite width of the carriage-way be- 
tween them. Should the weight to be bcme be so great that the 
number of bars in a link would give such breadth to the chain as 
to require a considerable addition to the breadth of the piers, two 
or more chains must be employed, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shadow from the 
chain above upon that beneath should not prevent the action of 
the sun's rays, in evaporating any moisture that may lodge in the 
articulations of the links, and also to preserve an equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopt^, simi- 
lar to those already pointed out for the ribs of wooden bridges 
under like circumstances ; care being taken that the strength of 
the chains be proportioned to the strain upon tliem, and that they 
be placed so far asunder, that in violent oscillations from high 
winds they may not come into collision. 

Some of the links of the main chains should be arranged witlj 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

The chains may either be attached to, or pass over a moveable 
cast-iron saddle, seated on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefully imbedded in the masonry of the abutments. These 
points, when under around, should be so placed that they can be 
visited and examined from time to time. 

618. Suspending Chains, The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute tbe load uniformly over 'the 
main chains, and to prevent their bein^ broken or twisted off 
Dv the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-arranged articulations, with 
a saddle jnece bearing upon the back of the ma?n chain, and ut 
bottom with the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung vertically. In some 
recent bridges they have been inclined inward to give mor» stiff 
ftoss to the systeoL 
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619. Roadway. Transrersal roadway-bearers are attached 
to the suspending-chains, upon which a flooring of timber is laid 
for the roadway. The roadway-bearers, in some instances, have 
been made of wrought iron, but timber is now generally preferred 
for these pieces. l)iagonal ties of wrought iron are placed hori- 
sontally between the roadway-bearers to brace the frame-work. 

The parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combination of cast iron and timber 
Timber alone, or in combination with cast iron, is now preferred 
for the parapets ; as observation has shown that the stiffness given 
to tlie roadway by a strongly-trussed timber parapet limits the 
amplitude of the undulations caused by violent winds, and secures 
the structure from danger 

In some of the more recent suspension bridges, a trussed 
frame, similar to the parapet, has been continued below the level 
of the roadway, for tne purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite number 
of single chains may be placed for its support Frames formed 
of vertical beams of timber, or of columns of cast iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620. Vibrations. The undulatory or vibratory motions of 
suspension bridges, caused by the action of high winds, or move- 
able loads, should be reduced to the smallest practicable amount, 
by a suitable arrangement of bracing for the roadway-timbers and 
parapet, and by chain-stays attached to the roadway and to the 
oasements of the piers, or to fixed points on the banks whenever 
they can be obtained. 

Calculation and experience show that the vibrations caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the same span, as the versed sine decreases. The 
heavier the roadway, also, all other things being the same, the 
smaller will be the amplitude of the vibrations caused by a move- 
able load, and the less will be their effect in changing the form 
of the bridge. 

The vibrations caused by a moveable load seldom affect the 
bridge in a hurtful degree, owing to the elasticity of the system, 
unless they recur periodically, as in the passage of a body of 
soldiers with a cadenced march. Serious accidents have been 
occasioned in this way ; also by the passage of cattle, and by 
the sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can oiuy be guarded against by 
a proper system of police regulations. 

Cham-stays may either be attached to some point of tne road 
way. and to fixed points beneath it, or else they may be ui tht 
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form of a reversed curve below the roadway. The former is tht 
more efficacious, but it causes the bridge to bend in a disagree- 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more expensive, and leaf 
eflfective they become. Stays in the form of a reversed curve 
preseiTC better the shape of the roadway under the action of a 
moveable load, but they are less eflfective in preventing vibrations 
than the simple stay. Neither of these metnods is very service- 
able, except in narrow spans. In wide spans, variations of tem- 
perature cause considerable changes in the length of the stays, 
which makes them act unequally upon the roadway ; this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
to the more extreme variations of temperature. 

Engineers, at present, generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a strong combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
frame-work of the parapet below it. These combinations pre- 
sent, in appearance, and reality, two or more open-built beams, 
as circumstances may demand, placed parallel to each other, and 
strongly connecterl and braced by the frame-work of the road- 
way, which are supported at intermediate points by the suspend- 
ing-rods, or chains. The method of placing the roadway-framing 
at the central line of the open-built beams presents the advantage 
of introducing vertical diagonal braces, or ties between the beams 
beneath the roadway-frame. The main objection to these com- 
binations is the increased tension thrown upon the chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, so far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks 

As a farther security to Uie stability of the structure, the frame 
work of the roadway should be firmly attached at the two extre 
mities to the basements of the piers. 

621. Preservative means. To preserve the chains from oxi 
dation on the surface, and from rain or dews which may lodge iii 
the articulations, they should receive several coats of minium, or 
of some other preparation impervious to water, and this sbculd 
be renewed from time to time, and the forms of all the parts 
should be the most suitable to allow tlie free escape of moistuie. 

Wires for cables can be preserved from oxidation, until they 
are made into ropes, by keeping them immersed in some alkabne 
solution. Before making them into ropes tliey should be dipped 
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sereral times in I oiling linseed oil, prepared by previously boil* 
ing it with a small portion of litharge and lampblack. The cables 
should receive a thick coating of the same preparation before 
they are put up, and finally be painted with white lead paint, both 
as a preservative means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs of Suspension Bridges. From the many grave 
accidents, accompanied by serious loss of life, which have taken 
place in suspension bridges, it is highly desirable that some trial* 
proof shoula be made before opening such bridges to the public, 
and that, moreover, strict police regulations should be adopted 
and enforced, with respect to them, to guard against the recur- 
rence of such disasters as have several times taken place in Ens 
land, from the assemblage of a crowd upon the bridge. In 
France, and on the continent generally, where one of the impor- 
tant duties of the public police is to watch over the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced. The triaUproof enacted in France for suspension 
bridges, before they are thrown open for travel, is about 40 lbs. 
to each superficial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one half, 
in order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
over the road surface any convenient weighty material, as bricks> 
pigs of iron, bags of earth, &c. Besides this after-trial, each, 
element of the main chains shoukl be subjected to a special proof 
to prevent the introduction of unsound parts into the system. 
This precaution will not be necessary for the wire of a cable, as 
the process of drawing alone is a good test Some of the coils 
tested will be a guarantee for the whole. 

From experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of suspension bridges- 
on the Continent, it appears that wrought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
lbs. raised to a height of 3.28 feet on each, .0015dths of an inch 
of cross section, when the bar is strained by a weight equal to 
«)ne third of its breaking weight ; and he concludes that no ap 
[prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which has been subjectea 
to the usual trial of a dead weight ; and that the safety, in tliis 
respect, is the greater as the bridge is longer, since the elasticity 
of the system is the best preservative from accidents due to sucn 
causes. 

623. DurcbUity. Time is the true test of die durability o . 
the structures under consideration. So far as experience goes 
there seems to be no reason to assign less durability to suspen 
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■ion than to cast-iron, or even stone bridges, if tlieir repairs and 
the proper means of preserving them from decay are attended to. 
Doubts have been expressed as to the durability of wire cables, 
but these seem to have been set at rest by the trials and exami* 
nations to which a bridge of this kind, erected by Colonel Dufour, 
at Geneva, was subjected by him after twenty years service. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinking of the roadway-frame ; 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber, proved to be as sound as when first put 
up, and free from oxidation ; and the whole bridge stood anotlier 
very severe proof without injury. 

624. The following succinct descriptions of the principal ele- 
ments of some of the most celebrated suspension bridfges of 
chains, and wire cables, of remarkable span, are taken from va- 
rious pubUshed accounts. 

Bridge over the Tweed near Berwick. This is the first large 
suspension bridge erected in Great Britain. It was constructed 
upon the plans of Capt. BrowUy who took out a patent for the 
principles of its construction. 

Span .... 449 feet 
Versed sine . . . 30 " 
Number of main chains 12, six being placed on each side of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of long links of round iron, 2 mches 
in diameter, and are 1 5 feet long. They are connected by coupling 
links of round iron, 1} inch diameter, and about 7 inches long, by 
means ci coupling bolts. 

The roadway is korne by suspending-rods of round iron, which 
are attached alternately to the three ranges of chains. The road- 
way-bearers are of timber, and are laid upon longitudinal ban 
of wrought iron, which are attached to the suspension rods. 

Menai Bridge^ erected after the designs of Mr. Telford* 
Opened in 1826. 

Span .... 679.8 feet. 
Versed sine . . 43 " 

Number of main chains 16, arranged in sets of 4 each, vertically 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breadth of each bar 3 J inches ; depth 1 inch. 
Coupling Unks 16 inches long, 8 inches broad, and 1 inch deep 
Coupling bolts 3 inches in diameter. 
Total area of cross section of the main chain, 260 square incLee 

The main chains are fastened to their abutments by anchoring 
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ftolts 9 feet long and 6 inches in diameter, which are secured iv 
cast-iron grooves. The abutments, which are undeiground and 
reached by suitable tunnels, are the solid rock. 

Upon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. The base of the saddle, whicn is fitted 
with grooves to receive them, rests upon iron rollers placed on a 
convex cylindrical bed of cast iron, shaped like the bottom of the 
base of tne saddle, to admit of a slight displacement of the chains 
from moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feel 
wide, and a footpath 4 feet wide between them. The roadway- 
framing consists of 444 wrought-iron roadway-bearers, 3i inches 
deep and i inch thick, which are supported at the centre points 
of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties which support a vertical bar placed under 
the roadway-bars at the points just mentioned. The platform 
of the roadway is formed of two thicknesses of plank. The 
first, 3 inches thick, is laid on the roadway-bearers and fastened 
to them. This is covered by a coating of patent felt soaked in 
boiling tar. The second is two inches thick and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
atirrups on the roadway-bearers and to the coupling bolts of the 
main chains. 

The piers are 162 feet high above the high- water level. They 
have an arched opening leading to the roadway, and the masses 
on the sides of the arch are built hollow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
so great an oscillation to the main chains that they were dashed 
against each other, and the rivet-heads of the bolts were broken 
off. To provide against similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
vals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmiy connected with 
the exterior chains. Subsequently to this addition, a number of 
strong timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway, and sal accessories, is stated at 643 tons, 15| 
cwt. 

The Fribaurg bridge of wire thrown across the valley oi ihfl 
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Sanne, oppoflite Fribourg, was erected in 1832 by M. Chtue^t • 
French engiiieer. 

Span . . 870.32 feet. 

Versed sine . . 63.26 " 

There are 4 main cables, two on each side of the road, of the 
same elevation, and about 1^ inch asunder. Each cable is com- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are firmly connected and brought to a cylindrical shape by a spiral 
wire wrapping. The diameter of the cable varies from 5 to 5^ 
inches. The cables pass over 3 fixed pulleys on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing over a fixed pulley where they enter the mouth of^the 
pit. 

The suspending-ropes are of wire a size smaller than that used 
for the caoles. Their diameter is neariy 1 inch. They are 
formed with a loop at each end, fastened around a crupper-shaped 

Eiece of cast iron, that forms an eye to connect the rope with the 
ook of the stirrup affixed to the roadway-bearers, and to a saddle- 
piece of wrought iron, for each rope, that rests on the two main 
cables. 

The roadway-bearers are of timber, being deeper in the centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ; they are placed about 5 feet between tiieir centre lines, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15} feet wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised above the surfeu^e of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the inner one of which is firmly secured to the roadway- 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through the top rail of the parapet. The roadway has a slight 
curvature from the centre to the two extremities, along the axis ; 
the centre point being from 18 inches to about 3 feet higher than 
the ends, according to the variations of temperature. The main 
cables at the centre are brought dow i nearly in contact with the 
roadway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces wliich are mortised into the two rails ; the 
whole being secured by the iron bolts that pass through the road 
way-bearers and the op rail. This combination of me parapet 
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mth the inclination towarda the axis of the loadway giyen to th« 
8uapendinff*ropeft, gt?e8 gieai stiffness to the roadway, and coun- 
teracts both lateral oscillations and lonjdtudinal unduia'tions. 

The piers consist of two pillars of solid masonry, about 66 fee 
high above the level of the roadway, which are united, at about 
33 feet above the same level, by a full centre arch, having a span 
of nearly 20 feet, and which forms the top of the gateway leacung 
to the bridge. 

Hungerford and Lambeth bridge, erected over the Thames 
upon the plans of Mr. Brunei. 

This bridge, designed for foot-passengers only, has the widest 
span of any chain bridge erected up to uiis period. 
Span . . . 676^ feet. 
Versed sine . . 50 " 

The main chains are 4 in number, two being placed on each 
side ( f the bridge, one above the other. These chains are formed 
entirely of long links of flat bars ; the links near the centre of the 
curve having alternately ten and eleven bars in each, and those 
near the piers altematdy eleven and twelve bars. The bars are 
24 feet long, 7 inches in depth, and 1 inch thick. They are 
connected by coupling-bolts, 4f inches in diameter, which are 
^cured at each end by cast-iron nuts, 8 inches in diameter, and 
2| inches thick. The extremity of each chain is connected with 
d cast-iron saddle-piece, by bolts which pass through the vertical 
ribs of the saddle-piece, of which there are 15. The bottom of 
the saddle rests on 50 friction-rollers, which are laid on a firm 
horizontal bed of cast iron. The saddle can move 18 inches 
horizontally, either way from the centre, and thus compensate 
for any inequality of strain on the main chains, either from a load, 
or from variations of temperature. 

The side main-chains are attached in like manner to the sad- 
dle, and anchored at the other extremity in an abutment of brick- 
work. The anchorage (Fig. 140) is arranged by passing the 




, f1i[. 140— Shows the manner in which the 
1^, nde main-chains are anchored. 
\\ A, inclined shaft for the chains leading to 
the arched chamber B of the anchorage, 
a, a, two main-chains, nansod through the 
cast-iron holding-plate b and fastened 
behind it by keys, 
c, c. cross sections of the castriron girdsn 
wnich retain fr. 



through a strong cast-iron plate, and securing the ends of 
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he bars by kejrs. The anchoring-pkte is retained in its phct 
oy two strong cast-iron beams, agauist which the strain upon the 
plate is tlirown. 
The snspending-rods (Fig. 141) are connected with both the 




Flff. 141— Shows an eleva- 
tion M and croeB section 
N of the connection be- 
tween the main-chainf 
and BUspendins-nMJta. 

« a, a, npper main-chain. 

o h^ 6, ^oint of lower main* 



e, sinpending-rod with a 
forked head to receive the 
plate d^ hung by stiirup- 
strapB e and/, respective- 
ly, to the coopling-bQltof 
the links and to the twc 
bolts «^, fastened to the sad- 
dle h on top of the upper 
main-chain. 



upper and lower main-chains ; to the upper by a saddle-piece 
and bolts, and to the coupling-bolt of the lower by an arrange- 
ment of articulations, which allows an easy play to the rods ; at 
bottom (Fig. 142) they are connected by a joint with a bolt that 
fastens firmly the roadway-timbers. 



rii[.i4» 

a, bottom longitudinal beam. 

6, 6. roadway-bearen in pairs. 

c. platform. 

tf , top longitudinal beam forming the bottom rail of the paiir- 

«, Dolt, with a forked head to receive the end of the suspending- 

rod, which is keyed beneath and secures the beams, &c 
g^ wrought-iion horizontal diagonal ties. 



The roadway-timbers consist of a strong longitudinal bottom 
beam, upon which the roadway-bearers are notched ; these last 
pieces are in pairs, the two being so far apart that the bolts con- 
necting with me suspending-rods by a forked head can pass be 
tween them ; the flooring-plank is laid upon the roadway-bearers ; 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting bolt. 
Wrought-iron diagonal ties are placed horizontally below th« 
flooring, to brace me whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre potu 
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along the axis to the extremities, being 4 feet higher in the centre 
than at the two last points. 

The piers are in the form of towers, resembling the Italian 
belfiry. They are of brick, 80 feet high, and so constructed and 
combined with the top saddles, that they have to sustain no otliei 
strain than the vertical pressure from the main-chains. 

The whole weight of the structure, with an additional load of 
100 lbs. per square foot of the roadway, would throw about lOOC 
tons on each pier. The tension on the chains from this load is 
calculated at about 1480 tons; while the strain they can bear 
without impairing their strength is about 5000 tons. 

Monongahela wire Bridge, Tliis bridge, erected at Pittsburgh, 
Fenn., upon plans, and under the superintendence of Mr. Roe- 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4| inches in aiameter, and by diagonal stays of wire rope, at 
tached to the same point of suspension as the cables, and con 
necting with different points of the roadway-timbers. The ends 
of the cables of each bay are attached to pendulum-bars, by 
means of two oblique arms, wliich are united by joints to the 
pendulum-bars. These bars are suspended from tlie top of 4 
cast-iron columns, inclining inwards at top, which are there firmly 
united to each other ; and, at bottom, anchored to the top of a 
stone pier built up to the level of the roadway-timbers. The 
side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The front columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas- 
sengers. 

The frame-work of 4 columns on each side is firmly connected 
at top by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between the two frames, and a footpath between 
the two colunms forming the fronts of each frame. 

The points of suspension of the cables are over the centre line 
of the footpaths ; and the cables are inclined so far inward that 
the centre point of the curve is attached just outside of the car- 
riage-way. The suspending-ropes have a like inward inclination, 
the object in both cases being to add stiffness to the system, and 
diminish lateral oscillations. 

The roadway consists of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearers are transversal 
l)eams in pairs, 35 feet long, 15 inches deep, and 4^ inches wide 
They are attached to the suspending-ropes. The flooring con 
sists of 2\ inch plank, laid longitudinally over the entire roadway* 
surface ; and ol a second thickness of 2^ inch oak plank hud 
transversely O' er the carriage-way. 
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The parapet, which is on the principle of Town's lattice, ca 
tends so far below the roadway-bearers that they rest and an 
notched on the lowest chord of the lattice. A second chord em 
braces them on top, and finally a third chord completes the lattice 
at top. The object of adopting this form of parapet was to in* 
crease the resistance of the roadway to undulatians. 

MOVEABLE BRIDGES 

624. The term moveable bridge is commonly applied to a 
platform supported by a frame-work of timber, or of cast iron, 
oy means ot which a communication can be formed or inter- 
rupted at pleasure, between any two points of a fixed bridge, or 
over any narrow water-way. These bridges are generally de- 
nominated draw-bridges^ but this term is now, for the most part, 
confined to those moveable bridges which can be raised or low- 
ered by means of a horizontal axis, placed either at one extremity 
of the platform, or at some intermediate point between the two 
ends, and a counterpoise which is so connected with the platform 
in either case, that the bridge can be easily manoeuvred by a 
small power acting through the intermedium of some suitable 
mechanism applied to the counterpoise. The term turning or 
swinging bridge is used when the bridge is arranged to turn 
horizontally around a vertical axis placed at a point between its 
two ends, so that the parts on each side of the axis balance each 
other ; and the term rolling bridge is applied when the bridge 
resting upon rollers can be shoved forward or backward horizon- 
tally, to open or interrupt the passage. 

To the above may be added another class of moveable bridges, 
used for the same purpose, which consist of a platform supported 
by a boat, or other buoyant body, which can be placed in or 
withdrawn from the water-way, as circumstances may require. 

625. Local oircumstances will, in all cases, determine what 
description of moveable bridge will be best. If the width of the 
water-way is not over 24 feet, a single bridge UMty be used ; but 
for greater widths the bridge must consist of two symmetrical 
parts. 

626. Draw-bridges. When the horizontal axis of this de- 
scription of bridge is placed at the extremity of the platform, the 
bridge is manoeuvred by attaching a chain to the other extremity, 
which is connected with a counterpoise and a suitable mechanism, 
by which the slikbt additional power required for raismg the 
bridge can be applied. 

A number of ingenious contrivances have been put in practice 
for these purposes. They consist usually either of a counter* 
poise of invariable weight, coniiected with additicmal animal mo 
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tire power, which acts with constant intensity but with a Tariable 
arm of lever ; or of a counterpoise of variable weight, which is 
assisted by animal motive power acting with an invariable arm of 
lever. In some cases the bridge is worked with a less compli- 
cated combination, by dispensing with a counterpoise, and ap- 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Among the combinations of the first kind, the most simple 
consists in placing a framed lever (Fig. 143) revolving on a hori 

Fig. 143— €howB the man- 
ner of manaeuvring a dnw^ 
bridge either by a framed 
lever, or by a counteipoMe 
■Depended from a epiral 
eccentric 

A, abutment. 

a, lection of the platfonn 

6, firamed lever. 

e, chain attached to the 
ende of the lever and the 
platfonn. 

a, fltrat moveable aroond 
its lower end. 

e, bar with an articulation 
at each end that confmee 
the strut to the platform. 

/, spiral eccentnc connect- 
ed with the coonteipoiee 
^ by a chain passing over 
the gorge of the eccentric. 

Ay chain for raising the 
bridge, one end of which 
is attached to the extro- 
mity of the platform, and 
the other to the axle of 
the eccentric. 

t, fixed ^mWej over which 
the cham A » passed. 

fn» Wheel fixed to the axle 
of the eoceuiric for the 
jmrpose of toming it by 
means of animal power 
applied to the endlesi 

sontal axis above the platform. The anterior pah of the frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms the counterpoise, 
has chains attached to it by which the lever can be worked by 
men. 

When the locality does not admit of this arrangement, the 
chain attached to the moveable end of the platform may be con 
nected with a horizontal axle above the platform, to which is also 
attached a fixed eccentric of a spiral shape, (Fig. 143,) connected 
with a chain that passes over its gorge and sustains a couiiter- 
poise of invariable weight. Upon the same axle an ordinary 
wheel is hung, over the fforge of which passes an endless chain 
i€ manoeuvre the bridge by animal power. 

Of the combinations of variable counterpoises the mecbaniiai 
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of M. Poncelet, which has been successfully applied in manv 
instances in France for the draw-bridges of nuhtary works, u 
one of the most simple in its arrangement and construction. The 
moToable end of the platform (Fig. 144) is connected by a com* 

Fig. 144-SI10W8 the ar- 
rangement of adreir- 
bridge with a vari^ 
ble counterpoise. 

A and B. abutmenta 

g, variable counter- 
poise formed of a 
chain with flat links, 
one end of which is 
attached to a fixed 
point, and the other 
b the chain e attach- 
ed to the moveable 
end of tlie platform. 

t, fixed pullev over 
which the chain c 
passes to the smak 
wheel k fixed on a 
horizontal shaft, to 
which is also attach- 
ed the wheel m tnd 
the endless chain n 
for manceuvring the 
bridge. 

mon chain, that passes over the gorge of a wheel hung upon 8 
horizontal shaft above the platform, with another chain of variable 
breadth, formed of flat bar links, which^forms the counterpoise. 
The chain counterpoise is attached at its other exti-emiiy to a 
fixed point in such a way, that when the platform ascends, a por- 
tion of the weight of the chain is borne by this fixed point ; and 
thus the weight of the counterpoise decreases as the platform 
rises. The system is manoeuvred by an endless chain passed 
over the gorge of a wheel hung upon the horizontal shaft. 

For light platforms a counterpoise may be dispensed with, and 
the bridge may be manoeuvred by connecting the chain attached 
to the moveable end of the platform to a horizontal shaft, which 
is turned by the usual tooth-work combinations. 

When the locality does not admit of manoeuvring the bridge by 



Fig. 145— ^ows the ar- 
rangement of a draw- 
bridge where the coun- 
terpoise is formed b^ 
prolonging back the 
platform. 

A, abutment. 

B, well of a suitable 
form for manoeuvring 
the bridge. 

a, chain-stay to keep 
tlie platform firm wheD 
the bridge is down. 



a chain connected with some point above the frame-work of the 
plitform, Fig. 145 is continued back, firom two thirds to three 




MOTBABLE BRIJIQB8. 967 

fifths its length, from the face of the abutment, to fonn a coon* 
terpoise for the platform of the bridge. The horizontal axis of 
the bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is formed behind the abutment. 

The mechanism for working the bridge may consist of i chain 
and capstan below the platform-counterpoise, or of a suitable 
combination of tooth- work. 

In bridges of a single platform, the moyeable extremity, when 
the bridge is lowered, rests on the opposite abutment, and no 
intermediate support will be required for the structure if the 
frame-work be oi sufficient strength ; but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supported near their moyeable ends, when the bridge 
is down, by struts moveable around the joint by which they are 
connected with the face of the abutments. These struts are 
so connected with the bridge that they are detached from it 
and drawn up when it is raised, and fall back into their places, 
abutting agamst blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the cnains for 
working the bridge are relieved from a portion of the strain when 
the bridge is down, and* it is also rendered more firm. 

When the counterpoise is formed by the rear part of the plat 
form, additional security may be given to the bridge when down 
by attaching two chains beneath the platform, and securing them 
to anchoring-points at the bottom of the well. In some cases a 
heavy bar, fitted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms wlien lowered should abut 
against each other, giving a slight elevation to the centre of the 
bridge. This not only gives greater stiffness, but is favorable to 
detaching the platforms when the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Tuming-briages. These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enough back from the face of the abutment to 
place the side of the bridge, when brought round, just within this 
face. The weights of the parts of the bridge around the shaft 
should balance each other. 

To support and manoeuvre the bridge (Fig. 146) a circular 
ring of iron, or roller-way, of less diameter than the breadth of 
Jie bridffe, and concentric with the verdcal shaft, is firmly im- 
Dedded m^, masonry. Fixed rollers, in the shape of truncated 
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cones, are attached at equal diataoces aput to the fimme-woik of 
the platfonn beneath, and rest upon the roUer-way. . The bridgi 




Ftff. 14^— Reprwents the aiwungement of a taming-faridge. 
a, platfonoi of the brid/iro. 

h^ vertical potts to which the iron stays n, n are attached, 
c, vettical shaft or gudgeon on which the farid^ tmaa. 
0, 0, conical lollen. 

is worked by a suitably arranged tooth-work, or by a chain and 
capstan. In some cases cast-iron balls, resting on a groored 
roller-way and fitting into one of corresponding shape fixed be- 
neath the platform, have been used for manoeuvring the bridge. 

The ends of the bridge are cut in the shape of circular arcs tc 
fit recesses of a corresponding form in the abutments, so arranged 
as not to impede the play of the bridge. 

In double turning-bridges the two ends of the platfomis which 
come together should l^ of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is interrupted ; or else they may be arranged 
with a balt-and-socket joint at their lower extremity, so as to be 
brouffht round with the bridge. For the purpose of giving addi- 
tional strength and security to the bridge, iron stays are, in some 
cases, attached cnq each side of the platform near the extremities, 
and connected with vertical posts placed in a line with the verti 
cal shaft. 

Turning-brides may be made either of timber, or of cast iron ; 
the latter matenal is the more suitable, as admitting of more ac- 
curacy of workmanship, and not being liable to the derangements 
caused by the shrinking or warping of frame-work of timber. 

628. Kolling'bridges. These bridges are placed upon fixed 
rollers, so that they can be moved forward or backward, to inter- 
rupt, or open the communication across the water-way. The 
part of the bridge that res^ upon the rollers, when the passage 
IS closed, must form a counterpoise to the other. The mecha^ 
ism usually employed for manoeuvring these bridges consists of 
toothrwork, and may be so arranged that it can be worked by 
one or more persons standing on the bridge* Instead of fixed 
roUera turning on axl 3S, iron balls resting in a grooved roUer-wty 
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may be jwed, a similar ToUer-way being affixed to the fi^me-woik 
beneath. 

629. Boat-bridge. A moveable bridge of this kind may bo 
made by placing a platfonn to form a roadway upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, or 
withdrawn from the water-way, as circumstances may require, a 
suitable recess or mooring bemg arranged for it near the water 
way when it is left open. 

A bridge of this character cannot be conreniently used in tidal 
waters, except at certain stages of the water. It may be em 
ployed with advantage on canals in positions where a fixed bridge 
could not be placed. 

AQUEDUCT-BRIDGES. 

630. In aqueducts and aqueduct-bridges of masonry, for sup- 
plying reservoirs for the wants of a city, or for any other purpose, 
the volume of water conveyed being, generally speaking, small, 
the suncture will present no peculiar difficulties beyond affording 
a water-tight channeL This may be made either of masonry, oi 
of cast-iron pipes, according to the quantity of water to be deliv- 
ered. If formed of masonry, the sides and bottom of the channel 
should be laid in the most careful manner witli hydraulic cement, 
and the surface in contact with the water should receive a coating 
of the same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced until the arches nave been uncentred and the heavier 
parts of the structure have been carried up and have had time to 
settle. The interior spandrrf-fiUing, to the level of the masonry 
which forms the bottom of the water-way, may either be formed 
of solid material, of good rubble laid in hydrauUc cement, or of 
beton well settled in layers ; or a system of interior walls, like 
those used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
rest on. 

631. In canal aqueduct-bridges of masoniy, as the volume of 
WBXer required for the purposes of navigation is much greater 
than in the case of ordinary aqueducts, and as the structure has 
to be traversed by horses, every precaution should be taken to 
procure great solidity, and secure the work from accidents. 

Segment arcaes of medium span will generally be found most 
suitable for works of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom Une being 
horizontal, and the two sides receiving a slight batir ; its dimen* 
sions are usually restricted to allow the passage of a single boal 
•I a time. On one side of the water-way a horse or tow path k 



placed, and on the other a naiTow footpath. The water-way 
should be faced with a hard cut^stone masonry, well bonded to 
secure it from damage from the passage of the boats. The mace 
between the facing of the water-way* tenned the trunk of the 

Sueducty and the head-walls, is filled .'b with solid material, either 
rubble or of beton. 

A parapet-wall of the ordinary form and dimensions surmounts 
the tow and footpaths. 

The approach to an aqueduct^bridge from a canal is made by 
gradually increasing the width of the trunk between the wings, 
which, tor this purpose, usually receives a curved shape, wad 
narrowing the water-way of the canal so as to form a convenient 
access to the aqueduct. Great care should be taken to form a 
perfectly water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an ' 
aQueduct4)ridge, the abutments and piers should be built of stone. 
Ine trunk, which, if of cast iron, is formed of plates with flanches 
to connect them, or, if of timber, consists ol one or two thick- 
nesses of plank supported on the outside by a framing of scant- 
ling, may oe supported by a bridge-frame of cast iron, or of tim- 
ber, or be suspended from chains or wire cables. 

The tow-path may be placed either within the water-way, or, 
as is most usually done, without. It generally consists of a sim- 
ile flooring of plank laid on cross-joists supported irom beneath 
J suitably arranged' frame-work. 

633. The following succinct descriptions of some of the aque- 
ductrbridges of the l/nited States and of Europe are derived from 
authentic sources. 

Chu'k Aqueduct-bridge over the Ceriog, This work, built by 
Telford, consists of 10 full centre arches of masonry, of 40 feet 
snan each.> The water-way is only 1 1 feet wide and 5 feet deep. 
The tow-path 6 feet wide. 

Tiie piers of this work, which in some places are over 100 feet 

i* height, are built hollow for some distance below the top ; the 

icing being connected by cross-walls upon which the bottom 

A the water-way, formed of broad iron-nanched plates, and the 

masonry of the sides rest. 

Pont'V'Cystile Aqtt^uct-Mdge over the Dee, This is also 
one of Telford's early works. TTie trunk is of cast-iron plates 
connected by flanches. These rest upon stone piers and upon a 
bridge-frame of cast iron consisting ot four ribs of sohd panels. 
The span of the ribs is 45 feet and the rise 7^ feet. 

The breadth of the water-way is II feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the water-way, 
testing upon cast-iron uprights. 

The canal aqudiuct^bridges at Gu/tin over the AUier^ and at 
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JHgoin upon the lAnre, are among the more recent utructures of 
this character in France. They are both built upon the same 
plan, and of mixed masonry. The first has eighteen arches ; 
the second eleven. The span of each arch is 52i feet, and the 
rise about 23 feet. The piers are about 10 feet thick at the un- 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that of the water-way about 16 feet. 

Rochester Canal Aqueduct-bridge, This is the" most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United States. It consists of seven segment arches. Its water 
way is of sufficient width for the passage of two boats, and i9 
adapted to the enlargement of tlie Erie canaK The span of each 
arch is 52 feet; the rise 10 feet. The key-stone is 2 feet 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a balir of 2 inches in one foot. The depth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 11 feet in 
width at top, including the projection of the coping. The trunk 
at each extremity is gradually enlarged, in a curved shape, to the 
width of 56 feet, where it unites with the slopes of tlie water-way 
of the canal. 

This work' is built throughout in a very strong and superior 
manner, of heavy blocks of gray lime-stone laid in hydraulic 
mortar. 

Potomac Canal Aqueduct-bridge, This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres, the span of each being 100 feet, 
and the rise 25 feet. Every third pier forms an abutment^pier, 
and is 21 feet thick at the impost ; the others are only 12 feet 
thick at the same level. The piers have been built upon the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a tow-path, and the frame-work for their 
support, has been substituted tor the stone arches. 

The trunk (Fig. 147) is formed of a frame consisting of two 
parallel open-built beams, connected at bottom by parallel cross- 
joists and horizontal diagonal braces, which are sheathed on the 
interior with plank to form the water-way. 

Each of the open-built beams is composed of a top and bottom 
string, connected by uprights that project above and below the 
strings, and by single diagoial braces placed between each pair 
of uprights. 

Tne tow-path is placed on the outside of the trunk, and con 
sists of a flooring laid upon cross-jcfsts placed between one of tbt 
built beams of the trunk and a thiic' parallel to it. 
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The exterior-built beam of the tow-path is framed of ftmallei 
•cantling than the other two. It is comiected with the built 





FSg. 147— Repreeenla a ctom section of the trunk and tow-path of the 
Potomac canal aqueduct-bridge. 

A, interior of trunk. 

B, tow-iwth. 

a, a. uprighlfl of the open-built beams on the aides of the trank. 

ft, upright of the open-built beam of the tow«-path. 

c, lower striiicpi ofthe built beams. 

a, upper string. 

e, crasB-joistB on which the sheathing of the bottom of the tnink nsla. 

n, arosB-joiflts of the tow-path. 

m, vertical diagonal braces between the cross Joisti. 

/.parapet. 

beam of the trunk by every fourth cross-joist of the trunk, by the 
top cross-joists of the flooring, and by vertical diagonal braces 
placed between each pair of top and bottom cross-joists. 

The uprights of the. exterior-built beam of the tow-path pro- 
ject suflSciently high above the flooring to form a parapet. 

The frame-work of the trunk and tow-path is supported at 
intermediate points from beneath by inclined struts which abut 
against the faces of the piers at a point above the high-wat^ 
level. 

The section of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ; and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprights 
of the built beams, and is on a level with the top of the sheathing. 
The exterior parapet is 3 feet 10 inches above the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on the uprights of the built beam, making 
the height of the capping on each side of tlie trunk 10 feet 4 
inches above the sheathing of the bottom. 

The frame-work of this structure is simple in its combinations 
and well arranged both for strength and stinhess. 

Wire Suspension Canal Aqueduct-bridge over the Alleghany 
river at PiitsburgK This novel work (Fig. 148) was j>laii]ied 
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fig. 148— flhowB in elevatiiii a portion of the itone fapportB, and a enm 
■ection of the trunk, &c., of the Alleghany oanal aqueduct-bridge. 

B* Supporte of maaonrr on the pien for the wire cables. 

C, interior of a portion of the trunk. 

a, croflB-ioiflts suspended from the cables m by the bent suspending-ban «« 

on which the bottom e of trunk rests. 
k, inclined struts in pairs connected with the pieces e to support the sides d 

of the trunk. 

D, tow-path. 

9, crosB-joists of the tow-path. 

r, inclined supports of s. 

I and V, parapets. 

A, sleepers on top of the pieri on which the crossjoists a rest 

and constructed by Mr. Roebling, throagh whom the following 
detailed description was obtained : 

" This work is formed of seven spans of 160 feet each from 
centre to centre of pier. The trunk is of wood and 1140 feet 
l<mg9 14 feet wide at bottom, 16^ feet wide on top ; the-«ides 8} 
feet deep. These as well as the bottom are composed of a 
double course of 2^ inch white-pine plank laid diagonally, the 
two courses crossing each other at right angles, so as to form a 
solid lattice-work of great strength and stifihess, sufficient to bear 
its own weight and resist the effects of the most violent storms. 
The bottom of the trunk rests upon transverse beams, arranged 
in pairs 4 feet apart ; between these the posts which support the 
sides of the trunk are let in with dove-tailed tenons, secured by 
bolts. The outside posts which support the side-walk and tow- 
path incline outwards and are connected with the beams in a 
similar uianner. Each trunk-post is held by two braces 2^x10 
inches, and connected with the outside posts by a double joist of 
2|xl0. The trunk-posts are 7 inches square Bi the tap aad 

35 
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7x14 at the heel. The transverse beams are 27 feet long 16 
inches deep, and 6 inches wide ; the space between the two ad- 
joining is 4 inches. It will be observed that all parts of the 
frame, with the exception of the posts, are double, so as to admit 
the suspension-rods. Each pair of beams is supjported on each 
side of the trunk by double suspending-rods oi 1 1 inch round 
bar-iron, bent in the shape of a stirrup, and mounted on a small 
cast-iron saddle, which rests on the cable. These saddles are on 
top of the cables connected by links, which diminish in size from 
the pier towards the centre. The sides of the trunk rest solid 
against the bodies of masonry, which are erected on each pier 
and abutment as bases for the pyramids which support the cables. 
These pjrramids, which are constructed of three blocks or courses 
of a durable coarse-grained hard mountain sand-stone, rise 5 feet 
above the level of the side-walk and tow-path, and measure 3x5 
feet on top, and 4 x6| feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space outside for the passage of 
he pyramids ; the ample width of the tow and footpath is there- 
fore contracted on every pier ; but this arrangement proves no 
mconvenience, and was necessary for the suspension of the cakes 
next to the trunk. 

•* As the caps which cover the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trunk-railing, they would 
obstruct the passage of the tow-line ; this however is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railing on each side of the 
pyramid. 

" The wire cables, which are the main support of the structure, 
are suspended next to the trunk, one on each side. Each of 
these two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constructed in one piece from shore to shore, 
1 176 feel lone ; it is composed of 1900 wires of ^ inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of the wires. The oxidation of the 
wires is guarded against by a varnish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and continuous wrapping, made of annealed vnre and laid on hy 
machinery in the most perfect manner 

" The extremities of the cables on the aqueduct do not extend 
below ground, but connect with anchor-chains, which in a curved 
line pass through large masses of masonry, the last links occupy* 
ing a vertical position. The bars composing these chains aver- 
age 1^x4 inches, and are from 4 to 12 feet long; they are 
manufactured of boiler-scrap, and forged in one piece wit! out a 
weld. The extreme links are anchored to heavy cast-iron plates 
of 6 feet square, which are held down by the foundations, upoc 
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virhich the weisht of 700 perches of masonry rests. The stability 
of this i>eii 01 the structure is fully insured, as the resistance of 
the ancQorage is twice as great as tne greatest strain to which the 
chains can ever be subjected. 

" The plan of anchorage adopted on the aqueduct varies mate- 
rially from those. methods usually appUed to suspension bridgesi 
where an open channel is formed under ground for the passage 
of the chains. The chains below ground are imbedded and com- 
pletely surrounded by cement In the construction of the ma- 
sonry this material and common Ume-mortar have been abundantly 
applied. The bars are painted with red lead : their preservation 
is rendered certain by the known quality of calcareous cements to 
prevent oxidation. If moisture should find its way to the chains, 
It will be saturated with lime, and add another calcareous coat- 
ing to the iron. This portion of the work has been executed 
with scrupulous care, so as to render it unnecessary, on the part 
of those who exercise a surveillance over the structure, to examine 
it. The repainting of the cables every two or three yes^ will 
insure their duration for a longperiod. 

** Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into corresponding recesses of the casting. Between 
these swells the cable is forcibly held down by three sets of 
strong iron wedges, driven through openings which are cast in 
the sides of the saddle. During the raising of the frame-work, 
the several arches were frequenUy subjected to very unequal and 
considerable forces, which never disturbed the balance, and proved 
the correctness of previous calculations. The woodwork in any 
of the arches, separately, may be removed dnd substituted by new 
material, without affecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 

was to fo^m a wooden trunks strong enough to support its own 

weight, and stiff enough for an aqueduct, or bridge, and to com- 

- bine tliis structure wiUi wire cables, of a sufficient strength tc 

bear safely the great weight of water. 



" Table of Quantities on Aqueduct. 



Length of aquedact without extensions 
Length of cables . 
Length of cables and chains . 
Diameter of cables 
Aggregate weight of both cables 
Section of 4 feet of water in trunk 
Total weight of water in aqueduct 
Do. do. in one span 

Weight of one span including all ' 
Aggregate number of wires in both cables 



1140 feet. 
1176 " 
1383 " 
7 inches. 

110 tons. 
50 superf . feet 
2100 tons. 

805 ** 

490 •• 
3800 
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egaite solid sectior of both cables 
>. do. uicW-chains 

Deflection of cables 

Elevation from top of pyramids to top of piers . 

Weight of water in one span between piers 

Tension of cables resulting from this weight • 

Tension of one single wire 

Ayerage ultimate strength of one wire 

Ultimate strength of cables .... 

Tension resulting from weight of water npon 1 soHd 
square inch of wire cable 

Tension resulting from weight of water upon 1 square 
inch of anchor-chains .... 

Pressure resulting from water upon a pyramid . 
Do. upon one superficial foot 



53superf.iMh 


72 « 


U feet 6 ineV 


16 " e " 


275 tons. 


392 " 


206 lbs. 


1100 " 


2000 tons. 


14800 lbs. 


11000 " 


1374 tons 
184001h«.« 
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ROADS. 

634. In establishing a line of internal communication of any 
character, whether it be an ordinary road, raiboad, or canal, the 
main considerations to which the attention of the engineer must 
be directed in the outset are — 1, the probable character and 
amount of traffic over the line ; 2, the wants of the community 
in the neighborhood of the line ; 3, the natural features of the 
country, between the points of arrival and departure^ as regards 
their adaptation to the proposed communication. 

As the last point alone comes exclusively within the province 
of the engineer's art, and within the limits prescribed to this work, 
attention will be confined solely to its consideration. 

635. Reconnaissance, A thorough examination and study of 
the ground by the eye, termed a recofmaissancey is an indis- 

Eensable preliminary to any more accurate and minute survey 
y instruments, to avoid loss of time, as Ay this more rapid ope- 
ration any ground unsuitable for the proposed line will be as cer- 
tainly detected by a person of some experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a reconnaissance, a careful inspection of the 
general maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridge, the labors of the engineer ; as from the natural features 
laid down upon them, particularly the direction of the water- 
courses, he will at once oe able to detect those points which will 
be favorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
— 1, that the water-courses are necessarily the lowest lines of 
the valleys through which they flow, and that their direction must 
also be that of the lines of greatest declivity of their respective 
valleys ; 2, that from the position of the water-courses the position 
also of the hish grounds by which they are separated naturally 
follows, as well as the approximate position at least of the ridges, 
or highest lines of the high grounds, which separate their opposite 
slopes, and which are at the same time the Imes of greatest de- 
cUvity common to these slopes, as the water-courses are the cor 
responding lines of the slopes that form the valleys. 

Keeping these facts (which are susceptible of riffid mathemati 
cal demonstration) in view, it will be practicable, nrom a careful 
examination of an ordinary general map, if accurately constructed, 
•lol only to trace, with considerable accuracy, the general direc 
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tion of the ridges from having that of the water-courses, but also 
to detect those depressions in them which will be favorable to the 
passage of a communication intended to connect two main or two 
secondary valleys. The following illustrations may serve to place 
this subject in a clearer aspect. 

If, for example, it be found that on any portion of a map the 
water-courses seem to diverge from or converge towards one point, 
it will be evident that the ground in the first case must be the 
common source or supply of the water-courses, and therefore the 
highest ; and in the second case that it is the lowest, and forms 
their common recipient. 

Tf two water-courses flow in opposite directions from a common 
point, it will show that this is the point from which they derive 
their common supply, at the head of their respective valleys, and 
that it must be fed by the slopes of high grounds above this point ; 
or, in other words, that the valleys of the two water-courses are 
separated by a chain of high grounds, which, at the point where 
it crosses them, presents a depression in its ridge, which would 
be the natural position for a communication connecting the two 
valleys. 

If two water-courses flow in the same direction and parallel to 
each other, it will simply indicate a general incUnation of the 
ridge between them, in the same direction as that of the water- 
courses. The ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the points in 
which the water-courses of the secondary valleys, on each side 
of it, intersect each other on it ; and these will be the lowest 
points at which lines of communication, through the secondary 
valleys, connecting the main water-courses, would cross the divi- 
ding ridge. 

If two water-courses flow in the same direction, and parallel 
to each other, and then at a certain point assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
tweeen them. 

If two water-courses flow in parallel but opposite directions, 
depressions in the ridge between them will be shown by the 
meeting of the water-courses of the secondary valleys on the 
ridge ; or by an approach towards each other, at any point, of 
the two principal water-courses. 

Furnished with the data obtained from the maps, the character 
of the ground should be carefully studied both ways by the en 
gineer, first from the point of departure to that of arrival, and then 
returning from the latter tc the former, as without this double 
traverse natural features of essential importance might escape 
he eye. 

686. Surveys. From the results of the reconnaissance, the 
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engineer will be able to direct understanamgly the requisite sur 
yeys, wliich consist in measuring the lengths, determining the 
directions, and ascertaining both the longitudinal and cross levels 
of the different routes, or, as they are termed, trial linesy with 
sufficient accuracy to enable him to make a comparative estimate 
both of their practicability and cost. As the expense of makins 
the requisite surveys is usually but a small item compared with 
that of constructing the communication, no labor should be spared 
in running every practicable line, as otherwise natural features 
might be overlooked which might have an important influence on 
the cost of construction. 

637. Map and Memoir. The results of the surveys are ac- 
curately emoodied in a map exhibiting minutely the topographical 
features and sections of the different trial lines, and in a memoir 
which should contain a particular description of those features of 
tlie ground that cannot be shown on a map, with all such infor- 
mation on other points that may be regaraed as favorable, or 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, that of the water-courses met with, &;c., &c. 

638. Location of common Roads. In selecting among the 
different trial-lines of the survey the one most suitable to a com- 
mon road, the engineer is less restricted, from the nature of the 
conveyance used, than in any other kind of communication. The 
main points to which his attention should be confined are — 1, to 
connect the points of arrival and departure by the most direct, or 
shortest line ; 2, to s^void unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to the smallest 
practicable Umit ; 3, to adopt such suitable slopes, or gradients, 
for the axiSf or centre line of the road, as the nature of the con- 
veyance may demand ; 4, to give the axis such a position, with re- 
gard to the surface of the ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankments required by tlie gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from the right line drawn on the map, between 
the points of arrival and departure, will be often demanded by the 
natural features of the ground. In passing the dividing ridges 
of main, or secondary valleys, for example, it will frequently be 
found more advantageous, both for the most suitable ffradients, 
and to diminish tlie amount of excavation and embankment, to 
cross the ridge at a lower point than the one in which it is inter- 
sected by the right line, deviating from the right line either 
towards the hecui, or upper part of the valley, or towards its out- 
let, according to the achrantages presented by the natural features 
of the ground, both for reducing the gradients and the amount of 
excavation and e:nbankment. 
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Where the right line intersects either a marsh, or water-courae, 
it may be found less expensive to change the direction, avoiding 
the marsh, or intersecting the water-course at a point where the 
cost of construction of a bridge, or of the approaches to it, wil' 
be more favorable than the one in which it is intersected by the 
right linie. 

Changes from the direction of the right line may also be fa- 
vorable tor the purpose of avoiding the intersection of secondary 
water-courses ; of gaining a better soil for the roadway ; of giv- 
ing a better exposure of its surface to the sun and wind ; or of 
procuring better materials for the road-covering. 

By a careful comparison of the advantages presented by these 
diiferent features, the engineer will be enabled to decide how far 
the general direction of the right line may be departed from vrith 
advantage to the location. By choosing a more sinuous course the 
length of the line will often not be increased to any very consider 
able degree, while the cost of construction may be greatly re- 
duced, either in obtaining more favorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When the points of arrival and departure are upon dif- 
ferent levels, as is usually the case, it will seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of considerable 
secondaiy valleys which misht require any considerable ascent 
on one side and descent on the other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the state 
in which the road-surface is kept. The gradient in all cases 
should be less than the angle of repose, or of that inclination of 
the axis of the road in which the ordinary vehicles for transporta 
tion would remain at a state of rest, or, if placed in motion, would 
descend by the action of gravity with uniiorm velocity. 

The gradients corresponding to the angle of repose have been 
ascertained by experiments made upon the various road-coverings 
in ordinary use, by allowing a vehicle to descend along a road 
of variable inclination until it was brought to a state of rest by 
the retarding force of friction ; also, by ascertaining the amount of 
force, termed the force of traction, requisite to put in motion a 
vehicle with a given load on a level road. 

The following are the results of experiments made by Mr. 
Macneill, in England, to determine the force of traction for one 
ion upon level roads. 
No. 1. Good pavement, the force of traction is . 33 lbs 

*' 2. Broken stone surface laid on an old flint road 65 " 

«* 3. Gravel road 147 •« 
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No. 4. Broken-stone surface on a rough pavement 

bottom 16 lbs. 

" 6. Broken-stone surface on a bottom of beton . 46 " . 

From this it appears that the angle of repose in the first case 
IS represented by i||ti or ^t nearly; and that the slope of 
the road should therefore not be greater than one perpendicular 
to sixty-eight in length ; or that the height to be overcome must 
not be greater than one sixty-eighth of the distance between the 
two points measured along the road, in order that the force of 
firiction may counteract that of gravity in the direction of the 
road. 

A similar calculation will show that the angle of repose in the 
other cases will be as follows : 

No. 2, . . . . 1 to . . .36 nearly. 
«>, • . • .1 to • . • lo 
" 4 and 6, . . . 1 to . . . 49 " 

These numbers, which give the angle of repose between -^j 
and rV ^^^ ^^^ kinds of road-covering Nos. 2 and 4 in most or- 
dinary use, and corresponding to a road-surface in good order, 
may be somewhat increased, to from yV to j\y for the ordinary 
state of the surface of a well-kept road, without there being any 
necessity for applying a brake to the wheels in descending, or 
going out of a trot \p ascending. The steepest gradient that can 
be allowed on roads with a broken-stone covering is about j\, as 
this, from experience, is found to be about the angle of repose 
upon roads of this character in the state in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
walk his usual load for a level without requiring the assistance- 
of an extra horse ; and experience has farther shown that a horse 
at the usual walking pace will attain, with less apparent fatigue, 
the summit of a gradient of ^V i^ nearly the same time that he 
would require to reach the same point on a trot over a gradient 

A road on a dead level, or one with a continued and uniform* 
ascent between the points of arrival and departure, where they lie 
upon different levels, is not the most favorable to the draft ot the 
horse. Each of these seems to fatigue him more than a line of 
alternate ascents and descents of slight gradients ; as, for exam- 

Eie, gradients of t^^, upon which a horse will draw as heavy a. 
>ad with the same speed as upon a horizontal road. 
The gradients should in all cases be reduced as far as prae- 
ticable, as the extra exertion that a horse must put forth in over- 
cuming heavy gradients is very considerable ; they should as a 
ffeneral rule, therefore, be kept as low at least as ^\j wherever 
tae ground will admit of it. This can generally be effected, even 
iu ascending steep hill-sides, by giving the axis of the road a zig« 

36 
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zag direction, connecting the straight portions of the zigzags bj 
rirculai arcs. The grad ents of the curved portions of ihe zig- 
zags should be rec'.uced, and the roadway also at these points be 
widened, for the safety of vehicles* descending rapidly. The 
width of the roadway may be increased about one lourth, when 
the angle between the straight portions of the zigzags is from 
120° to 90° ; and the increase should be nearly one half where 
the angle is from 90° to 60°. 

642. Having laid down upon the map the approximate location 
of the axis of the road, a comparison can then oe made between 
the solid contents of the excavations and embankments, which 
should be so adjusted that they shall balance each other, or, in 
other words, the necessary excavations shall furnish sufficient 
earth to form the embankments. To effect this, it will frequently 
be necessary to alter the first location, by shifting the position of 
the axis to the right or left of the position first assumed, and also 
by changing the gradients within the prescribed limits. This 
is a problem of very considerable intricacy, whose solution can 
only be arrived at by successive approximations. For this pur- 
pose, the line must be subdivided into several portions, in each 
of which the equalization should be attempted independently of 
the rest, instead of trying a general equalization for the whole 
line at once. * 

In the calculations of solid contents required in balancing the 
excavations and embankments, the most accurate method consists 
in subdividing the different solids into others of the most simple 
geometrical forms, as prisms, prismoids, wedges, and pyramids, 
whose solidities are readily determined by tlie ordinary rules for 
the mensuration of solids. As this process, however, is frequently 
long and tedious, other methods requiring less time but not so 
accurate, are generally preferred, as their results give an approx« 
imation sufficiently near the true for most practical purposes. 
They consist in taking a number of equidistant profiles, and cal- 
culating the solid contents between each pair, either by multiply- 
ing the half sum of their areas by the distance between them, t>r 
else by taking the profile at the middle point between each paity 
and multiplying its area by tlie same length as before. Fhu 
latter method is the more expeditious ; it gives less than the true 
solid contents, but a nearer approximation than the former, which 
eives more than the true solid contents, whatever may be the 
form of the ground between each pair of cross profiles. 

In calculating the solid contents, allowance must be made for 
the difference in bulk between the different kinds of earth when 
occupying their natural bed and when made into embankment 
From some careful experiments on this point made by Mr. Elwood 
Morris, a civil ergineer, and published in the Franklin Jouniai 
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h appears that light s indy earth occupies the same space both in 
excavation and embankment ; clayey earth about one tenth less 
in embankment than in its natural bed ; gravelly earth also about 
one twelfth less ; rock in larce fragments about five twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determining the lead, or the mean distance to which the 
earth taken from the excavations must be carried to form the 
embankments. From the manner in which the earth is usually 
transported from the one to the other, this distance is usually that 
between the centte of gravity of the solid of excavation and 
that of its corresponding embankment. Whatever disposition 
may be made of the solids of excavation, it is important, so far 
as the cost of their removal is concerned, that the lead should be 
the least possible. The solution of the problem under this point 
of view will frequently be extremely intricate, and demand the 
appUcation of all the resources of the higher analysis. One gen- 
eral principle however is to be observed in all cases, in order to 
obtam an approximate solution, which is, that in the removal of 
the different portions of liie solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excavation 
and embankment by vertical planes in the direction of the re- 
moval, and by removing the partial solids between the planes 
within the boundaries marked out by them. 

644. The definitive location having been settled by affain going 
over the line, and comparing the features of the ground with the 
results furnished by tne preceding operations, general and de- 
tailed maps of the different divisions of the definitive location are 
prepared, which should give, with the utmost accuracy, the lon- 
gitudinal and cross sections of the natural ground, and of the ex- 
cavations and embankments, with the horizontal and vertical 
measurements carefully written upon them, so that the superin- 
eendinff engineer may have no difficulty in setting out the work 
from them on the ground. 

In addition to these maps, which are mainly intended to guide 
-the engineer in regulating the earth- work, detailed drawings of the 
road-covering, of the masonry and carpentry of the bridges, cul- 
verts, &c., accompanied by written specifications of the maAner 
in which the various kind of work is to be performed, should be 
prepared for the guidance both of the engineer and workmen. 

645. With the data frimished by the maps and drawings, the 
engineer can proceed to set out the line on the ground. The 
azit of the road is determined by placing stout stakes, or picketik 
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at equal intenrals apart, which are nurfihenid to correspond witt 
the same points on the map. The width of the roadway and the 
lines on tne ground corresponding to the side slopes of the exca- 
rations and embankments, are laid out in the same manner, by 
stakes placed along the lines of the cross profiles. 

Besides the numbers marked on the stakes, to indicate their 
position on the map, other numbers, showing the depth of the 
excavations, or the height of the embankments from the surface 
of the ground, accompanied by the letters Cut. Fill, to indicate a 
cutting, or sl filling, as the case may be, are also added to guide 
the workmen in their operations. The positions of the stakes on 
the ground, which show the principal points of the axis of the 
road, should, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their bearings and distances from any fixed 
and marked objects in their vicinity, in order that the points may 
be readily found should the stakes be subsequently misplaced. 

646. Earth-work. This term is applied to whatever relates to 
the construction of the excavations and embankments, to prepare 
them for receiving the road-covering. 

647. In forming the excavations, the inclination of the side 
slopes demands peculiar attention. This inclination will depend 
on the nature ot the soil, and the action of the atmosphere and 
internal moisture upon it. In common soils, as ordinary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, although the side slopes would withstand 
very well the effects of the weather with a greater incUnation, it 
is kest to give them two base to one perpendicular ; as the sur- 
face of the roadway will, by this arrangement, be well exposed 
to the aiction of the sun and air, which will cause a rapid evapo- 
ration, of Uie moisture on the surface. Pure sand and gravel may 
require a greater slope, according to circumstances. In all cases 
where the depth of Uie excavation is great, the base of the slope 
should be increased. It is not usual to use any artificial means 
to protect the surface of the side slopes from the action of the 
weather ; but it is a precaution which, in the end, will save much 
labor and expense in keeping the roadway in good order. The 
simplest means which can be used for this purpose, consist in cov- 
ering the slopes with good sods, (Fig. 149,) or else with a layer 

Fi^. 149— CitMi section of a roac 
in excayation. 

A, rmid-furface. 

B, side slopes. 

C, top sunaoe-drain. 

of vegetable mould about four inches thick, carefully laid and 
sown with grass seed. These means will be amply sufficient to 
protect the side slopes from injury when they are not exposed te 
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any other causes of deterioration than the wash of the rain, and 
the action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to slips, they are sometimes formed with horizontal offsets, 
termed benches, which are made a few feet wide and have a ditch 
on the inner side to receive the surface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will oe well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent the wash of the slopes from 
being carried into the roadway. 

A covering of brush wood, or a thatch of straw, may also be 
used with good ejQfect ; but, from their perishable nature, they 
will require frequent renewal and repairs. 

In excavations through solid rock, which does not disintegrate 
on exposure to the atmosphere, the side slopes might be made 
perpendicular ; but as this would exclude, in a great deffree, the 
action of the sun and air, which is essential to keeping me road* 
surface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
according to the locality ; the inclination of the slope on the 
south side in northern latitudes being greatest, to es^ose better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost. The side 
slopes in rocks of this character maybe cut into steps, (Fig. 160,) 




and then be covered by a layer of vegetable mould sown in grass 
seed, or else the earth may be sodded in the usual way. 

648. The stratified soils and rocks, in which the strata have a 
dip, or inchnation to the horizon, are liable to slips, or to give 
way by one stratum becoming detached and sUding on another 
which is caused either from the action of frost, or from the pres* 
sure of water, which insinuates itself between the strata. The worst 
soils of this character are those formed of alternate strata of clay 
and sand ; particularly if the day is of a nature to become senai- 
fluid when mixed with water. The best preventives that oan be 
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rew)ited to in these cases, are to adopt a thorough system ol 
drainage, to prevent the surface-water of the ground from run 
ning down tne side slopes, and to cut off all springs which nuc 
towards the roadway from the side slopes. The surface-watei 
may be cut off by means of a single ditch (Fiff. 149) made on 
the up-hill side of the road, to catch the water before it reaches 
the slope of the excavation, and convey it off to the natural 
water-courses most convenient ; as, in almost every case, it wiJ^ 
be found that the side slope on the down-hill side is, compara* 
tively speaking, but slightly affected by the surface-water. 

Where slips occur from the action of springs, it frequently 
becomes a very difficult task to secure the side slopes. If the 
sources can be easily reached by excavating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side slopes. The fascines may be covered on top with good 
Rods laid with the grass side beneath, and the excavation made 
to place the drain be filled in with good earth well rammed. 
Drains formed of broken stone, covered in like manner on top 
with a layer of sod to prevent the drain from becoming choked 
with earth, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excavating trenches a few feet wide at inter- 
vals to the depth of some feet into the side slopes, and filling 
them with broken stone, or else a general drain oi broken stone 
may be made throughout the whole extent of the side slope by 
excavating into it When this is deemed necessary, it will be 
well to arrange the drain like an inclined retaininc-wall, with 
buttresses at intervals projecting into the earth farmer than the 
general mass of the drain. The front face of the drain should, in 
this case, also be covered with a layer of sods with the grass side 
beneath, and upon this a layer of good earth should be compactly 
laid to form the face of the side slopes. The drain need only be 
carried high enough above the foot of the side slope to tap all the 
sources ; and it should be sunk sufficiently below the roadway- 
surface to give it a secure footing. 

The drainage has been effected, in some cases, by sinking 
wells or shafts at some distance behind the side slopes, from the 
top surface to the level of the bottom of the excavation, and lead- 
ing the water which collects in them by pipes into drains at the 
foot of the side slopes. In others a narrow trench has been ex- 
cavated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
with broken stone, or else by arranging an open conduit at the 
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bottom to receire the water collected, over which a layer of 
brushwood is laid, the remainder of the trench being filled with 
broken stone. 

In some recent instances in England, the side slopes of very 
bad soils have been secured by a facing of brick arranged in a 
manner very similar to the method resorted to for securing the 
perpendicular sides of narrow deep trenches by a timber-facing. 
The plan pursued is to place, at intervals along the excavation, 
strong buttresses of brick on each side, opposite to each other, 
and to connect them at bottom by a reversed arch. Between 
these buttresses are placed, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a like inverted arch. The buttresses, secured in this way, 
serve as piers for vertical cylindrical arches, which form the 
facing and support the pressure of tlie earth between the but- 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 




should be made with a less inclination than that which the earth 
naturally assumes ; for the purpose of giving them greater dura- 
bility, and to prevent the width of the top surface, along which 
the roadway is made, from diminishing by every change in the 
side slopes, as it would were they made with the natural slope 
To protect the side slopes more effectually, they should be sod 
ded, or sown in grass seed ; and the surface-water of the top 
should not be allowed to run down them, as it would soon wasn 
them into gullies, and destroy the embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad- 
vantageously substituted for the side slopes. 

To prevent, as far as possible, the setthng which takes place 
in embankments, they should be formed with great care ; the 
earth being laid in successive layers of about four feet in thick- 
ness, and each layer well settled with rammers. As this method 
is very expensive, it is seldom resorted to except in works which 
require sreat care, and are of trifling extent. For extensive 
works, the method usually followed on account of economy, is 
to embank out from one end, carrying forward the work on a 
level with the top surface. In this case, as there must be a want 
of compactness in the mass, it would be best to form the outsides 
of the embankment first, and to gradually fill in towards the cen- 
tre, in order that the earth may arrange itself in layers with a dip 
firom the sides inwards : this will in a great measure counteract 
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any tendency to slips outward. The foot of the slopes should 
be secured by buttressing them either by a low stone wall, ot 
by forming a slicht excavation for the same puroose. 

650. when me axis of the roadway is laid out on the side 
slope of a hill, and the road-surface is formed partly by excava- 
ting and partly by embanking out, the usual and most simple 
method is to extend out the embankment gradually along the 
whole line of excavation. This method is insecure, and no pains 
therefore should be spared to give the embankment a good foot- 
ing on the natural surface upon which it rests, particularly at the 
foot of the slope. For this purpose the natural surface (Fig. 152) 




should be cut into steps, or offsets, and the foot of the slope be 
secured by buttressing it against a low stone wall, or a small 
terrace of carefully rammed earth. 

In side-formings along a natural surface of great inclination, 
the method of construction just explained will not be sufficiently 
secure ; sustaining-walls must be substituted for the side slopes, 
both of the excavations and embankments. These walls may be 
made simply of dry stone, when the stone can be procured in 
blocks of sufficient size to render this kind of construction of 
sufficient stabiUty to resist the pressure of the earth. But 
when the blocks of stone do not offer this security, they must 



Fi|r. ]5.v-CroflB section of a road in 
Bide-forming. 

A, fillinf?. 

B, sostaining-waU of fining. 

C, breast-wall of catting. 

D, parapet-wall of footpath. 



oe laid in mortar, (Fig. 153,) and hydraulic mortar is the only 
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idnd which will form a safe construction. The wall which sup 
phes the slope of the excavation should be carried up as high as 
the natural surface of the ground ; the one that sustains tlie em- 
bankment should be built up to the surface of the roadway ; and 
a parapet-wall should be raised upon it, to secure vehicles from 
accidents in deviating from the line of the roadway. 

A road may be constructed partly in excavation and partly in 
embankment along a rocky ledge, by blasting the rock, when the 
incUnation of the natural surface is not greater than one perpen- 
dicular to two base ; but with a greater inclination than this, the 
whole should be in excavation. 

651. There are examples of road constructions, ii .ocalities 
hke the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and are sustained at the other by an inclined 
strut underneath, which rests against the rock in a shoulder 
formed to receive it. 

652. When the excavations do not furnish suflScicnt earth for 
the embankments, it is obtained from excavations, termed side-' 
cuttings, made some place in the vicinity of the embankment, 
from which the earth can be obtained with the most economy. 

If the excavations furnish more earth than is required for the 
embankment, it is deposited in what is termed spoiUbank, on the 
side of the excavation. The spoil-bank should be made at some 
distance back from the side slope of the excavation, and on the 
iown-hill side of the top surface ; and suitable drains should br 
arranged to carry oflF any water that might collect near it and af 
feet the side slope of the excavation. 

The forms to be given to side-cuttings and spoil-banks wih 
depend, in a great decree, upon the locaUty : they should, as far 
as practicable, be such that the cost of removal oi the earth shal^ 
oe east possible 

653. Drainage, A system of thorough drainage, by whicn 
.ne water that filters through the ground will be cut off from the 
toil beneath the roadway, to a depth of at least three feet below 
ie bottom of the road-covering, and by which that which falls 
upon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface-water is conveyed off by giving the surface of the 
roadway a slight transverse convexity, from the middle to the 
sides, where the water is received into the gutters, or side chan* 
nelsy from which it is conveyed by underground aqueducts, termed 
culvertSy built of stone or brick and usually arched at top, into 
be main drains that conmiunicate with the natural water-courses. 
This convexity is regulated by making the figure of the profile 

37. 
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an ellipse, of which the semi-transyerse axis is 15 feet, and the 
semi-conjugate axis 9 inches ; thus placing the middle of the 
roadway nine inches above the bottom of the side channels. This 
convexity, which is as great as should be given, will not be suffi 
cient in a flat country to keep the road-surface dry ; and in such 
localities, if a slight longitudinal slope cannot be given to the 
road, it should be raised, when practicable, three or four feet 
above the general level ; both on account of conveying off speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in a level country, 
ditches, termed open side drains^ (Fig. 154,) are made parallel 




Fig. 154— CitMB Mction of brokea-fltone road-ooTerins. 

A, road-surface. 

B, side chaDDels. 

C, footpath. 

D, covered drains, or culyeits, leading from side channels to the aide drains K. 

to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the road- 
covering ; their size will depend on the nature of the soil to be 
drained. In a cultivated country the side drains should be on the 
field side of the fences. 

As open drains would be soon filled along the parts of a road 
in excavation, by the washings from the side slopes, covered 
drains, built either of brick or stone, must be suhstituted for 
them. These drains (Fig. 155) consist simply of a flooring of 



Fig. 155— Cross sect'on of a covered dram. 

A, drain. 

a, a, side walls. 

6, top stones. 

e. bottom stones. 

a, broken stone or large gravel laid over brarii^ 



flagging stone, or of bricR, with two side walls of rubble, or brick 
masonry, which support a top covering of flat stones, or of brick, 
with open joints, ot about half an inch, to give a free passage 
Yray to the water into the drain. The top is covered with a layer 
oi straw or brushwood ; and clean gravel, or broken stone, in 
small fragments, is laid over this, for the purpose of allowing ifae 
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water to filter freely through to the drain, without carrying with it 
any earth or sediment, which might in time accumulate and choke 
it. The width and height of covered drams will depend on the 
materials of which they are built, and the quantity of water to 
which they yield a passage. 

Besides the longitudinal covered drains in cuttings, other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains. Their plan is in shape like the letter V, the 
angular point being at the centre of the road, and pointing in the 
direction of its ascent. The angle should be so regulated that 
the bottom of the drain shall not have a greater slope along either 
of Its branches, than one perpendicular to one hundred base, to pre- 
serve the masonry from damage by the current The construc- 
tion of mitre drains is the same as the covered longitudinal drains. 
They should be placed at intervals of about 60 yards from each 
other 

In some cases surface drains, termed catch-water drains, are 
made on the side slopes of cuttings. They are run up obliquely 
ilong the surface, and empty directly into the cross drains which 
convey the water into the natural water-courses. 

When the roadway is in side-forming, cross drains of the or- 
dinary form of culverts are made, to convey the water from the 
side channels and the covered drains into the natural water- 
courses. They should be of sufficient dimensions to convey off 
a large volume of water, and to admit a man to pass through 
them so that they may be readily cleared out, or evejQ repaired, 
without breaking up the roadway over tliem. 

The only drains required for embankments are the ordinary 
side channels of the roadway, with occasional culverts, to convey 
ihe water from them into the natural water-courses. Great care 
should be taken to prevent the surface-water from nmning down 
the side slopes, as they would soon be washed into gullies by it. 

Very wet and marshy soils require to be thoroufflily drained 
before the roadway can be made with safety. The best system 
that can be followed in such cases, is to cut a wide and deep open 
main-drain on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made at 
frequent intervals, to drain the soil under the roadway. They 
should be sunk as low as will admit of the water running from 
them into the main drains, by giving a slight slope to the bottom 
each way from the centre of the road to facilitate its flow 

Independently of the drainage for marshy soils, they will re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-covering. This bed may, in some cases, be 
formed by simply removing the upper stratum to a depth of sev- 
eial feet, and supplying its place with well-parked gravel, or any 
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•oil of a finn character. In other cases, when the subsoil yields 
readily to the ordinary pressure that the road-surface must bear, 
a bed of brushwood', from 9 to 18 inches in thickness, mu^t be 
formed to receive the soil on which the road-covering is to rest. 
The brushwood should be carefully selected from the long straight 
slender shoots of the branches or undergrowth, and be tied up in 
bundles, termed /o^ctne^, from 9 to 12 inches in diameter, and 
from 10 to 20 feet long. The fascines are laid in alternate layers 
crosswise and lengthwise, and the layers are either connected by 
pickets, or else the withes, with which the fascines are bound, 
are cut to allow the brushwood to form a uniform and compact 
bed. 

This method of securing a good bed for structures on a weak 
wet soil has been long practised in Holland, and experience has 
fully tested its excellence. 

654. Road-coverings. The object of a road-covering being 
to diminish the resistances arising from collision and friction, 
and thereby to reduce the force of traction to the least prac- 
ticable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
surface. 

The material in ordinary use for road-coverings is stone, either 
in the shape of blocks of a regular form, or of large round peb* 
bles, termed a pavement ; or broken into small angular masses ; 
or in the form of gravel. 

655. Pavements. The pavements in most general use in our 
country are constructed of rounded pebbles, known as paving 
stones^ varying from 3 to 8 inches in diameter, which are set in a 
form^ or bed of clean sand or gravel, a foot or two in thickness, 
which is laid upon the natural soil excavated to receive the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefully set in the form, in close contact with each 
other, and are then firmly settled by a heavy rammer until their 
lops are even with the general surface of the roadway, which 
should be of a shghtly convex shape, having a slope of about ^V 
from the centre each way to the sides. After the stones are 
driven, the road-surface is covered with a layer of clean sand, or 
fine gravel, two or three inches in thickness, which is gradually 
w^orked in between the stones by the combined action of the 
travel over the pavement and of the weather 

The defects of pebble pavements are obvious, and confirmed 
by experience. Tne form of sand or gravel, as usually made, is 
not sufliciently firm ; it should be made in separate layers of 
about 4 inches, each layer being moistened and well settled either 
by ramming, or passing a heavy roller over it. Upon tlie form 
prepared in this way a layer of loose material of two or three 
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mciies in thickness may be placed, to receive the ends of the 
paying stones. From the form of the pebbles, the resistance 19 
traction arising from collision and friction is i^ry great. 

Pavements termed stone trar^ways have been tried in some cf 
the cities of Europe, both for light and heavy traffic. They are 
formed by laying tv^ro lines of long stone blocks for the wheels to 
run on, with a pavement of pebble for the horse-track between 
the wheel-tracks. In crowded thoroughfares tramways offer but 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to heavy traffic they wear into ruts. 
The stone blocks should be carefully laid on a very firm bottoming, 
and particular attention is requisite to prevent ruts from forming 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be hard and tough, and 
not wear smooth under the action to which it is exposed. Some 
varieties of granite have been found in England to furnish the 
best paving blocks. In France, a very fine-grained compact gray 
sandstone of a bluish cast is mostly in use for the same purpose, 
but it wears quite smooth. 

The sand used for forms should be clean and free from peb- 
bles and gravel of a larger grain than about two tenths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers of about lour inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron roller. Upon the top layer about an inch of loose sand may 
be spread to receive the blocks ; the Joints between which, after 
they are placed, should be carefully mled with sand. 

The sand form, when carefully made, presents a very firm and 
stable foundation for the pavement. 

Wooden pavements, formed of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as the material has been found to decay very rapidly, 
even when prepared with some of the preservatives of timber 
against the rot, 

Asphaltic pavements have undergone a like trial, dnd have also 
been found to fail after a few years service. This material is 
farther objectionable as a pavement in cities where the pave* 
ments and sidewalks have frequently to be disturbed for tho 
purposes of repairing, or laying down sewers, water-pipes, and 
other necessary conveniences for a city. 

The best system of pavement is that which has been partially 
put in practice in some of the commercial cities of Endand, the 
idea of^which seems to have been taken from the exceuent mill 
tary roads of the Romans, vestiges c€ which remain at the present 
day in a good state. 
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In constructing this pavement, a bed (Fig. 166) is first pre 
pared, by removing the surface of the soil to the depth of a fool 
or more, to obtain a firm stratum ; the surface of this bed re 
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Fig. 156— Paved road-covering. 

A, pavement. 
C, curb-stone. 

B, flagging of side-walk. 

ceives a very slight convexity, of about two inches to ten feet, 
from the centre to the sides of the roadway. If the soil is of a 
soft clayey nature, into which small fragments of broken stone 
would De easily worked by the wheels of vehicles, it should be 
excavated a foot or two deeper to receive a form of sand, or of 
clean fine gravel. On the surface of the bed thus prepared, a 
layer of small broken stone, four inches thick, is laid ; the di- 
mensions of these firagments should not be greater than two and 
a half inches in any direction ; the road is then opened to vehicles 
until this first layer becomes perfectly compact ; care being taken 
to fill up any rats with fresh stone, in order to obtain a uniform 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ; and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean gravel, 
two and a half inches thick, is spread evenly over it to receive 
the paving stones. The blocks of stone are of a square shape, 
and of different sizes, according to the nature of the travelling 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twelve inches long ; the smallest are six inches 
thick, five inches broad, and ten inches lon^. Each block is 
carefully settled in the form, by means of a heavy beetle ; it is 
then removed in order to cover the side of the one against which 
it is to rest with hydraulic mortar ; this being done, the block is 
replaced, and properly adjusted. The blocks of the different 
courses across the roaaway should break joints. The surface of 
the road is convex ; the convexity being determined by making 
the outer edges six inches lower than the middle, for a width of 
thirty feet. 

This system of pavement fulfils in the best manner all the re- 
quisites of a good road-covering, presenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The mortar-joints, so long as 
they remain tight, will effectually prevent the penetration of water 
beneath the pavement ; but it is probable, from the effect of the 
transit of heavily-laden vehicles, and from the expansion and 
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contraction of the stone, which in our climate is found to be very 
considerable, that the mortar would soon be crushed and washed 
out. 

In France, and in many of the large cities of the continent, the 
pavements are made with blocks of rough stone of a cubical form, 
measuring between eight and nine inches along the edffe of the 
cube. These are laid on a form of sand of only a few inches thick 
when the soil beneath is firm ; but in bad soils the thickness is 
increased to from six to twelve inches. Tlie transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid that 
the joints make an angle of 45® with the axis of the roadway, one 
set being continuous, the other breaking joints with them. By 
this arrangement of the joints, it is said that the wear upon the 
edges of tlie blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe- 
rience, that the wear upon the edges of the blocks is greatest at 
the joints which run transversely lo the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain the influence of the shape of stone blocks on the force 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging from five to six inches in breadth, measured 
in the direction of the axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinary 
size. 

Pavements in cities must be accompanied by sidewalks, and 
crossing-places, for foot-passengers. The sidewalks are made 
of large flat flagging-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fre 
queiited by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ; they receive a slope, or pilch, of one 
inch to ten feet, towards the pavenaent, to convey the surface- 
water to the side channels. Tne pavement is separated from the 
sidewalk by a row of long slabs set on their edges, termed curb^ 
stoneSy which confine both the flagging and paving stones. The 
curb-stones form the sides of the side channels, and should for 
this purpose project six inches above the outside paving stones, 
and be sunk at least four inches below their top surface ; they 
should, moreover, be flush with the upper surface of the side- 
walks, to allow the water to run over into the side channels, and 
to prevent accidents which might otherwise happen from their 
tripping persons passing in haste. 

The crossings should be 5rom four to six feet wide, and bo 
slightly raised above the general surface of the pavement, to keep 
them free from mud. 
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656. Broken-stone road-covering. The ordinary road-corer 
ing for common roads, in use in this country and Europe, ia 
formed of a coating of stone broken into small fragments, which 
is laid either upon the natural soil, or upon ^ paved bottoming 
of small irregular blocks of stone. In England these two systems 
have their respective partisans ; the one claiming the superiority 
for road-coverings of stone broken into small fragments, a method 
brought into vogue some years since by Mr. Me Adam, from whom 
these roads have been termed macadamized ; the other being the 
plan pursued by Mr. Telford in the great national roads con- 
structed in Great Britain within about the same period. 

The subject of road-making has within the last few years ex- 
cited renewed interest and discussion among engineers in France ; 
the conclusion, drawn from experience, there generally adopted 
is, that a covering alone of stone broken into small fragments is 
sufficient under the heaviest traffic and roost frequented roads. 
Some of the French engineers recommend, in very yielding 
clayey soils, that either a paved bottoming after Telford's method 
be resorted to, or that the soil be well compressed at the surface 
before placing the road-covering. 

The paved bottom road-covering on Telford's plan (Fig. 155) 
is formed by excavating the surface of the ground to a suitable 
depth, and preparing the form for the pavement with the precau- 
tions as for a common pavement. Blocks of stone of an irregu- 
lar pyramidal shape are selected for the pavement, which, for a 
roaaway 30 feet in width, should be seven inches thick for the 
centre of the road, and three inches thick at the sides. The base 
of each block should not measure more than five inches, and the 
top not less than four inches. 

The blocks are set by the hand, with great care, as closely in 
contact at their bases as practicable ; and blocks of a suitable 
size are selected to give the surface of the pavement a slightly 
convex shape from the centre outwards. The^ spaces between 
the blocks are filled with chippings of stone compactly set with 
a small hammer. 

A layer of broken stone, four inches thick, is laid over this 
pavement, for a width of nine feet on each side of the centre ; no 
fragment of this layer should measure over two and a half inches 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the same 
depth as the centre layer. 

The road-covering, thus prepared, is thrown open to vehicles 
until the upper layer has become perfectly compact ; care having 
been taken to fill in the ruts with fresh stone, in order to obtain 
a uniform surface.. A second layer, about two jiches in depth, 
Is then laid over the centre of the roadway ; and the wings rs 
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oeiVe also a layer of new material laid on to a sufficient thickness 
to make the outside of the roadway nine inches lower than the 
centre, by giving a slight convexity to the surface from the centre 
outwards. A coating of clean coarse gravel, one inch and a half 
thick, termed a bindings is spread over the surface, and the road* 
covering is then ready to be tlirown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
in hardness and strength, to that placed at the surface, as it is but 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can be procured. 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under stratum of stone is still loose ; it is, how- 
ever, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactly as they would otherwise 
do. 

If tlie roadway caimot be paved the entire width, it should, 
at least, receive a pavement for the width of nine feet on each 
side of the centre. The win^s, in this case, may be formed 
entirely of clean gravel, or of chippings of stone. 

For roads whicn are not much travelled, like the ordinary cross 
roads of the country, the pavement will not demand so much 
care ; but may be made of^ any stone at hand, broken into frag- 
ments of such dimensions that no stone shall weigh over four 
pounds. The surface-coating may be formed in the manner just 
• described. 

657. In forming a road-covering of broken stone alone, the 
bed for the covering is arranged in the same manner as for the 
paved bottoming : a layer of the stone, four inches in thickness, 
IS carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to f31 the ruts, and preserve the sur- 
face in a imiform state until the layer has become compact; 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of a)>out 
twelve inches in the centre, with the ordinary convexity at the 
surface. 

658. Where good gravel can be procured the road-coveriiu; 
may be made o? this material, which should be well screen^ 
and all pebbles found in it over two and a half inches in diame- 
ter should be broken into fragments of not greater dimensions 
than these. A firm level form naving been prepared, a layer of 

Kivel, four inches in thickness, is laid on, and, when this has 
come compact from the travel, successive layers of about three 
inches in thickness are laid on and treated like the first, until the 
covering has received a thickness of sixteen inches in the centre 
aud the ordinary convexity. 

659. As has been abready stated, the French dvil engineen 

38 
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do not regard a paved bottoming as essential for brokeu-stoiM 
road-coverings, except in cases of a very heavy traffic, or where 
the substratum of tlie road is of a very yielding character. 
They also give less thickness to the road-covering than the 
English engineers of Telford's school deem necessary ; allowing 
not more than six to eight inches to road-coverings for light 
traffic, and about ten inches only for the heaviest traffic. 

660. If the soil upon which the road-coVering is to be placed 
is not dry and firm, they compress it by roUing, which is done 
by passing over it several times an iron cylinder, about six feet 
in diameter, and four feet in length, the weight of which can be 
increased, by additional weights, from six thousand to about 
twenty thousand pounds. The road material is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer being compressed by passing the cylinder 
several times over it before a new one is laid on. If the opera- 
tion of rolling is performed in dry weather, the layer of stone is 
watered, and some add a thin layer of clean sand, from four to 
eicht tenths of an inch in thickness, over each layer before it is 
rolled, for the purpose of consolidating the surface of the layer, 
by filling the voids between the broken-stone fragments. After 
the surface has been well consolidated by rolling, the road is 
thrown open for travel, and all ruts and other displacement of 
the stone on the surface are carefully repaired, by adding fresh 
material, and levelling the ridges by ramming. 

Great importance is attached by the French engineers to the 
use of the iron cylinder for compressing the materials of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once in a 
good travelling condition ; the wear of the materials is less than 
by the old method of gradually consolidating them by the travel; 
the cost of repairs during the first years is diminished ; it gives 
to the road-covering a more uniform thickness, and admits of its 
being thinner than in the usual method. 

661. Materials and Repairs. The materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, but on the 
surface none but the hardest stone will withstand the action of 
the wheels. The stone should be carefully broken into frag- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the Une of 
the road for repairs. 

Too great attention cannot be bestowed upon keeping the 
road-sunace free from an accumulation of mud and even of dust 
It should be constantly cleaned by scraping and sweeping. TLi 
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repairs should be daily made by adding fresh material Ufon all 
points where hollows or ruts commence to form. It is recom- 
mended by some tliat when fresh material is added, the surface 
on which it is spread should be broken with a pick to the depth 
of half an inch to an inch, and the fresh material be well settled 
by ramming, a small quantity of clean sand being added to make 
the stone pack better. When not daily repaired by persons 
whose sole business it is to keep the road in good order, genera^ 
repairs should be made in the months of October and April, 
by removing all accumulations of mud, cleaning out the side 
cliannels and other drains, and adding fresh material where re-^ 
quisite. 

The importance of keeping the road-surface at all times free 
from an accumulation of mud and dust, and of preserving the 
surface in a uniform state of evenness, by the daily addition of 
fresh material wherever the wear is sufficient to call for it, can- 
not be too strongly insisted upon. Without this constant super- 
vision, the best constructed road will, in a short time, be unfit 
for travel, and with it the weakest may at all times be kept in a 
tolerably fair state 

662. Cross dimensions of roads. A road thirty feet in width 
is amply sufficient for the carriage-way of the most frequented 
thoroughfares between cities. A width of forty, or even sixty 
feet, may be given near cities, where the greater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. The width should be at least sufficient, to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be borne in mind, that 
any unnecessary width increases both the first cost of construc- 
tion, and the expense of annual repairs. 

Very wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum-- 
mer roaas, being formed on the natural surface of the subsoil. 
The object of this system is to relieve the road-coverinff from 
the wear and tear occasioned by the lighter kind of vehicles du- 
ring the summer, as the wings present a more pleasant surface 
for travelhng in that season. But little is gained by this system 
under this point of view ; and it has the inconvenience of form- 
mg during the winter a large quantity of mud which is very in- 
jurious to the road-covering. 

There should be at least one foot-path, from five to six feet 
wide, and not more than nine inches higher than the bottom of 
Jie side channels. The surface of the foot-path should have a 
pitch of two inches, towards the side channels, to convey its 
•urface water into them. When the natural scil is firm and 
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sandy, or gravelly, its surface will serve for the foot-path ; but 
in other cases the natural soil must be thrown out to a depth of 
six inches, and the excavation be filled with fine clean mvel. 

To prevent the foot-path from being damaged by the current 
of water in the side channels, its *side slope, next to the side 
channel, must be protected by a facing of good sods, or of dry 
stone. 

As it is of the fiirst importance, in keeping the road-way in a 
^ood travelling state, that its surface should be kept dry, it will 
be necessary to remove from it, as far as practicable, all objects 
that might obstruct the action of the wind and the sun on its 
surface. Fences and hedges along the road should not be higher 
than five feet ; and no trees should be suffered to stand on the 
load-side of the side drains, for independently of shading the 
road-way, their roots would in time throw up the road-cov 
ering. 



See Note B^ Appendix. 
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663. The great resistance offered to /he force of traction ou 
common roads, where the traffic is of, a heavy character, natu- 
rally suggested the idea of trying other means, which would 
afford a more even and durable track for the wheels than the 
road-coverings in ordinary use. Various methods have been re- 
sorted to, with greater or less success, to accomplish this object : 
in some instances tracks have been formed of long narrow stone 
blocks ; in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect them from wear, have been used ; 
and finally, both the stone and wooden ways were replaced by 
iron plates and bars, and that system of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these successive stages of improvement, by which, in the 
short period of less than a quarter oi a century, so great a revo- 
lution has been made both in the speed and the amount of trans- 
portation on land, by means which bid fair to supersede evei^ 
other, the civilized world is indebted to England, in whose mi- 
ning districts the railway system first sprung up. 

664. A railway^ or railroad^ is a track for the wheels of ve- 
hicles to run on, which is formed of iron bars placed in two 
parallel lines and resting on firm supports. 

665. Rails. The iron ways first laid down, and termed tram* 
waysy were made of narrow iron plates, cast in short lengths, 
with an upright flanch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replaced by others to which a vertical rib was added 
under the plate. This rib was of uniform breadth, and of the 
shape of a semi-ellipse in elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud which accumulated between the flanch 
and the surface of the plate presented a considerable resistance 
to the force of traction. To obviate this defect, iron bars of a 
semi-elliptical shape in elevation, which received the name of 

Fig. 157— Represents a ctosb aectioii a. of the flsh-bel- 
ued rail of the Liverpool and Manchester Railway, 
and the method in which it is secured to its chair 
The rail is formed writh a slight pnyeclion at bot- 
tom, which fits into a correeponaing notch in the 
side of the chair b. An iron wedge c w inserted 
into a notch on the opposite side ot the chair, and 
confines the rail in its place. 

edge railsy were substituted for the plates of the tramway. The 
cross sections of these raib were of the form shown in Fig. 157, 
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the top surface being slightly convex, and sufficient!; broad to 
jireserve the tire of the wheel from wearing unevenly. This 
change in the form of the rail introduced a corresponding one ir 
the tires of the wheels, which were made with a flanch on tht 
interior to confine them witk'ji the rails of the track. 

The cast-iron edge-rail was found upon trial to be subject to 
many defects, arising from the nature of the material. As it 
was necessary to cast the rails in short lengtlis of three or four 
feet, the track presented a number of Joints, which rendered it 
extremely difficult to preserve a uniwrm surface. The rails 
were found to break readily, and the surface upon which the 
wheels ran wore unevenly. These imperfections finally led to 
the substitution of wrought-iron for cast-iron. 

666, The wrought-iron rails first brought into use received 
nearly the same shape in cross section and elevation as the cast- 
iron rail. They were formed by rolling them out m a rolling- 
mill so arranged as to give the rail its proper shape. The lengui 
of the rail was usually fifteen feet, tne bottom of it (Fig. 158) 

Fig. 158— RepresentB a side elevation of a por- 
tioo of a fish-bellied zaiL 

E resenting an undulating outUne so disposed as to give the rail a 
earing point on supports placed three feet apart between their 
centres. This form, known as the Jishrbelly rail, was adopted 
as presenting the greatest strength for the same amount of metal. 
It has been found on trial to be liable to some inconveniences. 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and from the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallel^ or straight rail, the top and 
bottom of the rail being parallel ; or as the T, or H rail, from the 
form of the cross section. 

A variety of forms of cross section aie to be met with in the 
parallel rail. The more usual form is that (Fig. 159) in which 



Fi^. 159>-Repra0uut8 a cross sec- 
tion a of a parallel rail of the 
fonn generaUy adopted in the U. 
States. The rail ts confined \c 




its chair h by two wooden keys e 
on each sioe, which are formed 
of hard compressed wood. 



the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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Its supports. In some cases the top and bottom are made alike 
10 admit of turning the rail. The greatest deviation from the 
usual form is in the rail of the Great Western Railway in Eng 
land, (Fig. 160.) 

Fig. IfiO— Represents a cross section of the feuI of the 
Great Western Railway in England. This rail is lakl 
on a continaoQs support, and is fastened to it by screws 
on each side of the raiL A piece of tarred felt was 
inserted between the base of the rail and its support. 

The dimensions of the cross section of a rail should be such 
that the deflection in the centre between any two points of sup- 
port, caused by the heaviest loads upon the track, should not be 
so ffl-eat as to cause any very appreciable increase of resistance 
to the force of traction. The greatest deflection, as laid down 
by some writers, should not exceed three hundredths of an inch, 
for the usual bearing of three feet between the points of sup- 
port. The top of the rail is usually about two and a half inches 
broad, and an inch in depth. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 
prevent the top from being crushed by the weight upon the rail. 
The breadth of the rib varies between three fourths of an inch to 
an inch ; and the total depth of the rail from three to five inches. 
The thickness and breadth of the bottom have been varied ac- 
cording to the strength and stability demanded by the traffic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. The supports should present a firm unyielding bed to 
the rails, so as to prevent all displacement, either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this point On the earlier roads, heavy stone 
blocks were mostly used for supports, but these were found to 
require great precautions to render them firm, and <Jbey were, 
moreover, liable to split frow the means taken to connne the 
rails to them. Timber has, "vilhin late years, been generally 
preferred to stone. It affords a more agreeable road for travel, 
and gives a better lateral support to the rails than stono blocks. 

The usual method of placing timber supports is transversely 
to the track. Each support^ termed a sleeper y or cross-tie, bein{^ 
formed of a piece of timber six or eight inches square. The or- 
dinary distance between the centre lines of the supports, is three 
feet for rails of the usual dimensions. With a greater bearing, 
rails of the ordinary dimensions do not present sufficient stiffness. 
The sleepei-s, when formed of round timber, should be squared 
on the upper and lower surface. On some of the recent railways 
in England, sleepers presenting in c^oss section a right-angled 
triangle have been used, the right angle being at the bottom. 
They ire represented to be more convenient in setting, and tc 
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offer a more stable support than those of the usual fcim. The 
sleepers are placed either upon the ballasting of the roadway, o^ 
upon lonffitudinal beams laid beneath them along the Une of the 
rails. The latter is now the more usual practice with us, and ia 
indispensable upon new embankments to prevent the ends of 
the sleepers from settling uqequally. Thick plank, about eight 
inches broad and three or four inches thick, is usually employed 
for the longitudinal supports of the sleepers. 

On some of the more recent railways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
support to the rail, the beams resting upon cross-ties. 

669. Chairs. The rails are firmly fastened to their supports by 
cast-iron chairs, (Figs. 157, 169,) wrought-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail rests, and two side pieces between which the rail is 
confined by wedges of iron, or of wood. The chairs are fastened 
to the supports by iron bolts, or wooden pins. A variety of 
forms have been civen to the chairs, and different methods adopt- 
ed for confining the rail firmly within them. Iron wedges having 
been found to work loose, wooden wedges, ot keys, have been 
substituted for them. They are made of kiln-dried timber, and 
are forced through cutters, by which they receive the proper 
shape, and are at the same time strongly compressed. The key, 
prepared in this manner, gradually swells by imbibing moisture 
after being inserted, and jforms a very strong fastening. Chairs 
are generally placed upon each support. In some cases they 
are only placed at the points of junction of the rails ; iron spikes 
with a bent head being driven into the supports, to confine the 
rails at the intermediate points between the chairs. 

A joint of sufiicient width is left between the ends of the rails, 
to allow for the expansion of the bars. Various methods of 
forming this joint have been tried ; the more usual forms are the 
square joint, and the oblique joint. 

670. Ballast. A covering of broken stone, of clean coarse 
ffravel, or of any other material that will allow the water to 
drain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the suppons. 
This has received the appellation of the ballast. Its tliickness 
is from nine to eighteen inches. Open or broken-stone drains 
should be placed beneath the ballasting to convey off the surface 
water. The parts of the ballasting upon which the supports 
rest should be well rammed, or rolled ; and it should be weL 
packed beneath and around the supports. After the rails are 
laid, another layer of broken stone or gravel should be added 
the surface of which should be slightly convex and about thi6« 
inches below the top of the rails. 
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671. Temporary railways of wood and iron. On the first 
introduction of railways into the United States, the tracks were' 
formed of flat iron bars laid upon longitudinal beams. The iron 
bars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top surface 
being slightly convex. They were placed on the longitudina. 
beams, a litue back from the inner edge, the side of the beam 
near the top being bevelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ; the holes re* 
ceiving this shape to allow of the contraction and expansion of 
the bar, without displacing the fastenings. The longitudinal 
beams were supported by cross sleepers, with which they were 
connected by wedges that confined the beams in notches cut 
into the sleepers to receive tliem. The longitudinal beams were 
usually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be procured. The joints 
between the bars were either square or oblique, and a piece of 
iron or zinc was inserted ^oto the beams at tne joint, to prevent 
the end of the rail from oeing crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but this method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This system of railway, whose chief recommendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durability of tlie structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gauge. The distance between the two lines of rails of 
a track, termed the gauge, which has been adopted for the great 
majority of the railways in England, and also with us, is 4 feet 
8^ inches. This gauge appears to have been the result of 
chance, and it has been followed in the great majority of cases 
up to the present time, owing to the inconvenience Uiat would 
aiise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the established gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engineers are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ; the centre of 
gravity of the load might be placed lower, and more steadi 
ness of motion and greater security at high velocities be at 
tamed. 

89 
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In a double track the distance between the two tracks is gen- 
erally the same as the gauge; and the distance between tlie 
outside rail of a traclc» and the sides of the excavation, or em« 
bankment, is seldom made greater than six feet, as this is deemed 
sufficient to prevent the cars from going over an embankment 
were thev to run off the rails. 

673. On all straight portions of a track, the supports should 
be on a level transversely, and parallel to the plane of the track 
longitudinally. The top surface of the rail should incline in- 
ward, to conform to the conical form of the wheels ; this is 
now usually effected by giving the chair the requisite pitch, or 
by formmg the top surface with the requisite bevel for this pm> 
pose. 

674. Curves. In the curved portions of a track the centri- 
fugal force tends to force the carriage towards the outside rail 
of the curve. This action of the centrifugal force is counter- 
acted, to a certain extent, by the conical form of the wheels, 
which, by causing them to run on unequal diameters so soon as 
they enter a curve, inclines the car inward. Within certain 
limits of the radius of curvature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the ciiameter of the interior and exterior wheels, 
will be sufficient to counteract the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
in general use, the usual gauge of track, and play between the 
flanch of each wheel and the side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
from being brought into contact with the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 feet, 
when the exterior and interior rails are on the same level trans- 
versely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced from the track, it will be requisite to provide 
against this by raising the exterior rail higher than the interior, 
so that by thus placing the wheels on an inclined plane, the 
component of gravity, opposed to the centrifugal force, added to 
tlie force which impels the car inward when running on wheels 
of unequal diameter, may balance the centrifugal force. From 
the above conditions of equilibrium, the elevation which the ex- 
terior rail should receive above the interior can be readily cal- 
culated. The method more usually adopted, however, is to 
neglect the effect of the conical form of the wheel, in counter- 
acting the action of the centrifugal force within certain limits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the rail 
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when the car is moving at the highest supposed velocity ; or, in 
Otiier words, to give the inclined plane across the track, on which 
the wheels rest, an inclination such tliat the tendency of the 
wheels to slide towards the interior rail shall alone counteract 
the centrifugal force. 

675. Si£ngSy ^. On single lines of railways short portions 
of a track, termed sidings^ are placed at convenient intervals 
along the main track, to enable cars going in opposite directions 
to cross each otlier, one train passing into the sidfaig-and stop- 

Eing while the other proceeds on the main track. On double 
nes arrangements, termed crossings, are made to enable trains 
to pass from one track into the other, as circumstances may re« 
quure. The position of sidings and their length will depend 
entirely on local circumstances, as the length of the trains, the 
number daily, &c. 

The manner generally adopted, of connecting tlie main track 
with a siding, or a crossing, is very simple. It consists (Fig. 
161) in having two short lengths of the opposite rails of the main 

Fig. 161— Represents 
the didiM switchee, 
or rails, for connecU 
ingatidiogwithtlie 
main tracic. 

a, a, rails connected 
by an iron rod 6, by 
which they can be 
turned around tlie 
joints o, 0. 

c, c, rails of main 
track. 

d, d, rails of aiding. 

track, where the siding or crossing joins it, moveable around one 
of their ends, so that the other can be displaced from the line of 
the main track, and be joined with that of the siding, or crossing, 
on the passage of a car out of the main track. These moveable 
portions of rails are connected and kept parallel by a long cross 
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fif . 102— Represents a plan M, and section N, of a fixed crossing plate. The plate A 
m ot east-iroa, vrith vertical ribs e, c, on the bottom, to give it the requisite strength. 
Wronght-iron bars a, a, placed in the Unes of the two intenecting ra!b d,d, am 
llniily screwwl to the plate ; a sufficient space being led between them and the raUi 
ftr tba flaaeh of the wheel to I 
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boh, to the end of which a vertical lever is attft:;hed to draw 
them forward, or shove them back. 

At the point where the rails of the two tracks intersect, a cast 
iron plate, termed a crossing*plate (Fig. 162) is placed to con 
nect the rails. The surface of the plate is arranged either with 
grooves in the lines of the rails to admit the flanch of the wheel 
in passing, the tire running upon the surface of the plate ; at 
wrought-iron bars are affixed to the surface of the plate for the 
same purpose. 

The angle between the rails of the main tracks and those of a 
siding or crossing, tenned the angle of deflection, should not be 
greater than 2° or 3°. The connecting rails between the straight 
portions of the tracks should be of the shape of an S curve, in 
order that the passage may be gradually effected. 

676. Turn-plates. Where one track intersects another under 
a considerable angle, it will be necessary to substitute for the 
ordinary method of connecting them, what is termed a tum^plate, 
or lurn-table. This consists of a strong circular platform of 
wood or cast-iron, moveable around its centre by means of coni- 
cal rollers beneath it running upon iron roller-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to the other by turning the platform sufficiently 
to place the rails upon it in the same line as those of the track 
to oe passed into. 

677. Street-crossings. When a track intersects a road, or 
street, upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each side of it, sufficient space being left 
between them and the rail for the play of the flanch. The top 
of the plates should be on a level with the top of the rail. 
Wherever it is practicable a drain should be placed beneath, to 
receive the mud and dust which, accumulating oetween the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From various experiments upon the friction 
of cars upon railways, it appears that the angle of repose is 
about ^i^, but that in descending gradients much steeper, the 
velocity due to the accelerating force of gravity soon attains its 
greatest limit and remains constant, from the resistance caused 
bv the air. 

The hmit of the velocity thus attained upon gradients of any 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. From 
calculation and experiment it appears that heavy trains may de- 
scend gradients of j J^, without attaining a greater velocity tlian 
about 40 or 50 miles an hour, by allowing them to run freely 
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without applyiig the brake to check tlie speed. By the apph* 
cation of the brake, the velocity may be kept within any limit 
of safety upon much steeper gradients. The only question, then, 
in comparing the advantages of different gradients, is one of the 
comparative cost between the loss of power and speed, on the 
one nand, for ascending trains on steep gradien'^iS, and that of the 
lieavy excavations, tunnels, and emoankments, on the other, 
which may be required by lighter gradients. 

In distributing the gradients along a line, engineers are gener- 
ally agreed that it is more advantageous to have steep gradients 
upon short portions of the line, than to overcome the ^me dif- 
ference of level by gradients less steep upon longer develop- 
ments. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or lowered, by ropes connected with a suitable mechanism, 
worked by stationary power placed at the top of the plane. 
The inclined planes, with stationary power, generally receive a 
tmiform slope throughout. The portion of the track at the top 
and bottom of the plane, should be level for a sufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
vertical plane as that of the axis of the inclined plane. 

Small rollers, or sheeves, are placed at suitable distances along 
the axis of the inclined plane, upon which the rope rests. 

Within a few years back flexible bands of rolled hoop-iron 
have been substituted for ropes on some of the inclined planes 
of the United States, and have been found to work well, pre- 
senting more durability and being less expensive than ropes. 

680. Tunnels. The great consumption of power by gravity, 
and the necessity therefore of either employing additional power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments frequently of excessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable degree of speed. The difficulty and cost of forming 
these works become in some cases so great, tliat it is found 
preferable to obtain the requisite gradient by carrying the road 
under ground by an excavation termed a tunnel. 

The choice oetween deep cutting and tunnelling, will depend 
upon the relative cost of the two, and the nature of the ground. 
Wlien the cost of the two methods would be about equal, and 
the slopes of the deep cut are not liable to slips, it is usually 
more advantageous to resort to deep cutting tK\n to tunnelling. 
So much, however, will depend upon local circumstances, that 
the camparative advantages of the two methods can only be de 
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cided upon understandingly when these are known Where any 
latitude of choice of locality is allowed, the natuie of the soil, 
the length of the tunnel, that of the deep cuts by which it must 
be approached, and also the depths of the working and air shafts, 
must all be well studied before any definitive location is decided 
upon. In some cases it may be found, that a longer tunnel with 
snorter deep cuts will be more advantageous in one position, 
than a shorter tunnel with longer deep cuts in another. In oth- 
ers, the greater depth of working shafts may be more than com- 
pensated by obtaining a safer soil, or a shorter tunnel. 

681. The operations in tunnelling will depend upon the nature 
of the soil. The work is commenced by setting out, in the first 
place, with great accuracy upon the surface of the ground, the 
profile line contained in the vertical plane of the axis of the tun- 
nel. At suitable intervals along this line vertical pits, termed 
working shafts^ are sunk to a level with the top, or crown of the 
tunnel. The shafts and the excavations, which form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a headings or drifts usually five 
or six feet in width, and seven or eiffht feet in height, which is 
made along the crown of the tunnel. After the drift is com- 
pleted, the excavation for the tunnel is gradually enlarged ; the 
excavated earth is raised through the working shafts, and at the 
same time carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a communi- 
cation. In solid rock the sides of the excavation are usually 
vertical; the top receives an arched form; and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ; but in stratified rocks there is dan- 
ger of blocks becoming detached and falling : wherever this is 
to be apprehended, the top of the tunnel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous opera- 
tions of the miner's art, requiring the greatest precautions in 
supporting the sides of the excavations by strong rough frame- 
work, covered by a sheathing of boards, to secure the workmen 
from danger. When in such cases the drift cannot be extended 
throughout the line of the tunnel, the excavation is advanced 
only a few feet in each direction from the bottom of the working 
shafts, and is gradually widened and deepened to the proper 
fonn and dimensions to receive the masonry of the tunnel, which 
if immediately commenced below each working shaft, and it 
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earned forward in both directions towards the two ends of the 
tunnel. 

682. Masonry of tunnels. The cross section of tlie arch of a 
tunnel (Fig. 163) is usually an oval segment, formed of arcs of 
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circles for the sides and top, resting on an inverted arch at bot 
torn. The tunnels on some of the recent railways in England 
are from 24 to 30 feet wide, and of the same height from the 
level of the rails to the crown of the arch. The usual thickness 
of the arch is eighteen inches. Brick laid in hydrauhc cement 
is generally used for the masonry, an askew back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, depending, however, upon the precautions necessary to se- 
cure the sides of die excavation. As the sides of the arch are 
carried up, the frame-work supporting the earth behind is grad- 
ually removed, and the space between the back of the ma- 
sonry and the sides of the excavation is filled in with earth 
well rammed. This operation should be carefuHy attended to 
throughout the whole of the backing of the arch, so that the 
masonry may not be exposed to the effects of any sudden yield 
ing of the earth around it. 

683. The frame-work of the centres should be so arrangec 
that they may be taken apart and be set up with facility. The 
combination adopted will depend upon the size of the arch, and 
the necessity of supporting the sides as well as the top of the 
arch by the centre, auring the process of the work. 

684. The earth at the ends of the tunnel is supported by a 
retaining wall, usually faced with stone. These walls, termed 
the fronts of the tunnel, are generally finished with the usual 
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architectural designs for gateways. To secure the ends of the 
arch from the pressure of the earth above them, cast-iron plates, 
of the same shape and depth as the top of the arch, are inserted 
within the masonry, a short distance trom the ends, and are se 
cured by wrought-iron rods firmly anchored to the masonry at 
some distance from each end. 

685. The working shafts, which are generally made cylindri- 
cal and faced with brick, rest upon strong curbs of cast-iron, 
inserted into the masonry of the arch. The diameter of the shaft 
within is ordinarily nine feet 

Small shafts, about three feet in diameter, termed air shaftSj 
are in some cases required at intermediate points between the 
working shafts, for the purposes of ventilation. 

686. The ordinary dimculties of tunnelling are greatly increased 
by the presence of water in the soil through which the work is 
driven. Pumps, or other suitable machinery for raising water, 

E laced in the working shafts, will in some cases be requisite to 
eep them and the drift free from water until an outlet can be 
obtained for it at the ends, by a drain alon? the bottom of the 
drift. Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of the crown of the 
tunnel, an outlet may be obtained for it by driving above the 
tunnel a drift-way between the shafts, giving it a suitable slope 
from the centre to the two extremities to convey the water olBf 
rapidly. 

in tunnels for railways, a drain should be laid under the bal* 
asting along the axis, upon the inverted arch of the bottom. 
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687. Canals «ie aiiificid channels for water, applied to the 
purpose of inlatid navigation ; for the supply of cities with wa- 
ter ; for draining ; for irrigation, &c. &c. 

688. NavigMe canals are divided into two classes : 1st Ca- 
nals which are on the sapie level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two points of different levels, which lie either in 
the same valley, or on opposite sides of a dividing ridge. This 
class is found in broken countries, in which it is necessary to 
divide the entire length of the canal into several level portions, 
the communication between which is effected by some artificial 
means. When the points to be connected lie on opposite sides 
of a dividing ridge, the highest reach, which crosses the ridge, 
is termed the summit leveL 

689. Ist Class. The surveying and laying out a canal in a 
level country, are operations oi such extreme simplicity as to 
require no particular notice in this place ; since these operations 
have been fully explained in the subject of Common Roads. 
The line of the canal should be run in a direct hne between the 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ; in which case, the straight 
portions will Se connected by arcs of circles of sufficient curva- 
ture to allow the boats used in the navigation to pass each other 
at the curves, Without any diminution of their ordinary rate of 
speed. 

The cross section of this class (Fig. 164) presents usually a 



Fig. 184-~Cro8i nction of a canal in lerel cutting. 

A, wator-way. 

B, tow-patha. 
Cberma. 

D, nda-draini. 

£, puddling of day or sand 

iCNifer-tt'ay, or channel of a trapezoidal form, with an embank- 
ment on each side, raised above the general level of the couiiUy, 
and formed of the excavation for the water-way. The level, of 
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muface of the water, is usually above the natural surface, suffi- 
cient thickness being given to the embankments to prevent the i 
filtration of the water through them, and to resist its pressure. 
This arrangement has in its favor the advantage of economy in 
the labor of excavating and embanking, since the cross section 
of the cutting may l^ so calculated as to furnish the necessary 
earth for the embankment ; but it exposes the surrounding coun- 
try to injury, from accidents happening to the embankments. 

The relative dimensions of the parts of the cross section may 
be ffenorally stated as follows ; suoject to such modifications as 
each particular case may seem to demand. 

The width of the water-way, at bottom, should be at least 
twice the width of the boats used in navigating the canal ; so 
that two boats, 'in passing each other, may, by sneering towards 
the sides, avoid being brought into contact. 

The depth of the water-way should be at least eighteen 
inches greater than the draft of the boat, to facilitate the motion 
of the boat, particularly if there are water-plants growing on 
the bottom. 

The side slopes of the water-way, in compact soils, should 
receive a base at least once-and-a-half the altitude, and propo*- 
lionally more as the soil is less compact. 

The thickness of the embankments, at top, is seldom regu 
lated by the pressure of the water against theiti, as this, in most 
cases, js inconsiderable, but to prevent filtration, which, were it 
to take place, would soon cause their destruction. A thickness 
from four to six feet, at top, with the additional thickness given 
by the side slopes at the water surface, will, in most cases, be 
amply sufficient to prevent filtrations. A pathway for the horses 
attached to the boats, termed a tow-path, which is made on one 
of the embankments, aild a foot-patn on the other, which should 
be wide enough to serve ^ as an occasional tow-path, give a su- 
perabundance of strength to the embankments. 

The tow-path should be from ten to twelve feet wide, to allow 
the horses to pass each other with ease ; and the foot-patli at 
least six feet wide. The height of the surfaces of these paths, 
above the water surface, should not be less tlian two feet, to 
avoid the wash of the ripple ; nor ereater than four feet and a 
half, for the facility of the draft of the horses in towing. The 
surface of the tow-path should incline slightly outward, both 
to convey off the surface water in wet weather, and to give 
a firmer footing to the horses, which naturally draw from the 
canal. 

The side slopes of the embankment vary with the characta 
of the soil : towards the water-way they should seldom be lest 
than two base to one perpendicular ; from it, they may, if it bi 
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thought necessary, be less. The interior slope is usually not 
carried up unbroken from the bottom to the top ; but a horizon-* 
tal space, termed a ftencA, or 6erm, about one or two feet wide, 
is left, about one foot above the water surface, between the side 
slope of the water-way and the foot of the embankment above 
the berm. This space serves to protect the upper part of the 
interior side slope, and is, in some cases, planted with such 
shrubbery as grows most luxuriantly in aquatic localities, to pro-^ 
tect more efficaciously the banks by the support which its roots 
give to the soil. The side slopes are better protected by a re- 
v^tement of dry stone. Aquatic plants of the bulrush kind 
have been used, with success, for the same purpose; being 
planted on the bottom, at the foot of the side slope, they serve 
to break the ripple, and preserve the slopes from its effects. 

The earth oi which the embankments are formed should be 
of a good binding character, and perfectly free from vegetable 
mould, and all vegetable matter, as the roots of plants, &c. In 
forming the embankments, the vegetable mould should be care- 
fully removed from the surface on which they are to rest ; and 
they should .be carried up in uniform layers, from nine to twelve 
inches thick, and be well rammed. If the character of the earth, 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand, 
two or three feet 'thick, may be laid in the interior of the mass, 
penetrating a foot below the natural surface. Sand is useful in 
preventing filtration caused by the holes made in the embank- 
ments near the water surface by insects, moles, rats, &c. 

Side drains must be made, on each side, a foot or two from 
the embankments, to prevent the surface water of the natural 
surface from injuring the embankments. 

690. 2d Class. This class will admit of two subdivisions : 
1st, Canals which lie throughout in the same valley ; 2d, Canals 
with a summit level. 

Location. In laying out canals, belonging to the first sub- 
division, the Une of direction of the canal should be aS direct as 
Eracticable between the two points. As the different levels, 
owever, must be laid out on one of the side slopes of the val- 
ley, their lines of direction will be nearly \he same as the hori 
zontal curved line in which the natural surface of the ground 
would be intersected by the water surface of the caned pro- 
duced ; the variations in direction from this curve depending on 
the character of the cuttings and fillings, both as to the advan- 
tages which the one may present over the other as regards filtra- 
tion, and the economy of construction. 

With respect to the side slope of the valley along which the 
canal if to be run, the engineer must be guided in his choice by 
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the relative expense of construction on the two sides ; whkk 
will depend on the quantity of cutting and filling, the masonry 
for the culverts, &c.» and the nature of the soil as adapted tc 
holding water. All other things being equal, the side on which 
the fewest secondary water-courses are found will, generally 
speaking, offer the greatest advantage as to expense ; but, it may 
happen that tlie secondary water-courses will oe required to feecJ 
the canal with water, in which case it will be necessary to lay 
out the line on the side where they are found most convenient, 
and in most abundance. 

As to the points in which the Une of direction should cross the 
secondary valleys, the engineer will be guided by the same con- 
siderations as for any other line of communication; crossing 
them by following the natural surface, or else by a filling in a 
right line, as may be most economical. 

691. Cross section. The side formations of excavations and 
embankments require peculiar care, particularly the latter, as 
any crevices, when they are first formed, or which may take 
place by settling, might prove destructive to the work. In most 
cases, a stratum of ^ood binding earth, lining the water-way 
throughout to the thickness of about four feet, if compactly 
rammed, will be found to offer sufficient security, if the sub- 
structure is of a firm character, and not liable to settle. Fine 
sand has been applied with success to stop the leakage in canals. 
The sand for this purpose is sprinkled, in small quantities at a 
time, over the surface of the water, and gradually fills up the 
outlets in the bottom and sides of the canal. But neither this 
nor puddling has been found to answer in all cases, particularly 
where the substructure is formed of fragments of rocks offering 
large crevices to filtrations, or is of a marly nature. In such 
cases it has been found necessary to line the water-way through- 
out with stone, laid in hydrauUc mortar. A lininff of this cha- 
racter, (Fig. 165,) both at the bottom and sides, formed of flat 
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A, waterway. 

B, tow-paths. 

D, embankment, 
tf^flusoniyliniac. 
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•tones, about four inches thick, laid on a bed of hydraulic mor- 
tar, one inch thick, and covered by a similar coat of mortar, 
making the entire thickness of the lining six inches, has been 
found to answer all the required purposes. This lining should 
be covered, both at bottom and on the sides, by a layer of ffood 
earth, at least three feet thick, to protect it from the shock of the 
boats striking either of those parts. 

The cross section of the canal and its tow-paths in deep cut- 
ting (Fig. 166) should be regulated in the same way as in canals 




... 166— CroBB KctioD of a canal in deep cutting. 
, Bkie dopes of cutting. 

of the first class ; but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions strictly necessary for the passage of a single boat. By 
this reduction there would be some economy in the excavations ; 
but this advantage would, generally, be of too trifling a charac- 
ter to be placed as an offset to the inconveniences resulting to 
the navigation, particularly where an active trade was to be car- 
ried on. 

692. Summit level As the water for the supply of the sum- 
mit level of a canal must be collected from the ground that lies 
above it, the position selected for the summit level should be at 
the lowest point practicable of the dividing ridge, between the 
two branches of the canal. In selecting this point, and the di- 
rection of the two branches of the canal, the engineer will be 
guided by the considerations with regard to the natural features 
of the surface, which have already been dwelt upon. 

693. Supply of water. The quantity of water required fo' 
canals with a sununit level, may be divided into two portions 
1st. That which is required for the summit levelj and tnose lev 
els which draw from it their supply. 2d. That which is wanted 
for the levels below those, and which is furnished from other 
sources. 

The supply of the first portion, which must be collected at 
the summit level, may be divided into several elements : 1st 
The quantity required to fill the summit level, and the levels 
which draw their supply from it. 2d. The quantity required to 
supply losses, arising from accidents ; as breaches in the banki| 
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and the emptying of the levels for repairs. 3d. The supplies 
for losses jfrom surface evaporation, from leakage througii thft 
soil, and through the lock gates. 4. The quantity required for 
the service of the navigation, arising from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, founded on accurate observations, no precise amount can 
be assigned to these various elements which will serve the engi- 
neer as data for rigorous calculation. 

The Quantity required, in the first place, to fill the summit 
level and its dependent levels, will depend on theit size, an ele- 
ment which can be readily calculated ; and upon the quantity 
which would soak into the soil, which is an element of a very 
indeterminate character, depending on the nature of the soil in 
the different levels. 

The supplies for accidental losses are of a still less detenni- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct observations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ; as 
the loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage through the soO, it will depend on 
the greater or less capacity which tne soil has for holding water. 
This element varies not only with tlie nature of the soil, but also 
with the shorter or longer time that the canal may have been in 
use ; it having been found to decrease with time, .and to be, 
comparatively, but trifling in old canals. In ordinary soils it 
may be estimated at about two inches in depth every twenty-four 
hours, for some time after the canal is first opened. The leak- 
age through the gates will depend on the workmanship of these 
parts. From experiments by Mr. Fisk, on the Chesapeake and 
Ohio' canal, the leakage through the locks at the summit level, 
which are 100 feet long, 15 feet wide, and have a lift of 8 feet, 
amounts to twel-ve locks full daily, or about 62 cubic feet per 
minute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it. From experiments made by Mr. J. B. Jervis, on the Erie 
(anal, tne total loss, trom evaporation, filtration, and leakage 
•iirough the gates, is about 100 cubic feet per minute, for each 
mile. 

(n estimating the quantity of water expended for the service 
of the navigation, in passmg the boats from one level to another, 
► two distinct cases require examination : — Ist. Where there is but 
one lock between two levels, or in other words, when the locks 
are isolated. 2d. When there are several contiguous locks, or. 
as it is termed, 9l flight of locks between two levels. 
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694. A lock is a small bisin just large enough to receive a 
boat, in which the water is usually confined on the sides by two 
upright walls of masonry, and at the ends by two gates, which 
open and shut, both for the purpose of allowing the boat to pass, 
and to cut off the water of the upper level from the lower, as 
well as from the lock while the boat is in it. To pass a boat 
from one level to the other — from the lower to the upper end, 
for example — ^the lower gates are opened, and the boat having 
entered the lock they are shut, and water is drawn from the up- 
per level, by means of valves, to fill the lock and raise the boat , 
when this operation is finished, the upper gates are opened, and 
the boat is passed out. To descend from the upper level, the 
lock is first nlled ; the upper gates are then opened, and the boat 
passed in ; these gates are next shut, and the water is drawn 
from the lock, by valves, until the boat is lowered to the lower 
level, when the lower gates are opened and the boat is passed 
out. 

In the two operations just described, it is evident, that for the 
passage of a ooat, up or down, a quantity of water must be 
drawn from the upper level to fill the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ; this height is termed the lift of the lock, and the 
volume of water required to pass a boat up or down is termed 
the prism of lift. The calculation, therefore, for the quantity 
of water requisite for the service of the navigation, will be sim- 
ply that of the number of prisms of Hft which each boat will 
. draw from the summit level in passing up or down. 

695. Let a boat, on its way up, be supposed to have arrived 
at the lowest level supplied from the summit level ; it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of lift must be drawn to enable tlie boat to enter it. From 
this it appears that but one prism of lift is drawn from the sum- 
mit level for the passage of a boat up. Now, in descending on 
the other side, the boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it through all the 
successive locks, if their Hfts are the same. For the entire pas- 
sage of one boat, then, two prisms of lift must be drawn from 
the summit level. 

This boat will thus leave all the locks full on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going m the same, or in an opposite direction, with re- 
spect to the first. If it follows the first, it will evidently require 
two prisms of lift for its entire passage, and vi^ill leave the locks 
ill the same state as they were. If it proceeds in an opposite 
direction^ i* will require a prism of lift to ascend to the summil 
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leyel ; but, in descending, it will take advantage of the fuD Iocm, 
left by the preceding boat, and will therefore not draw from the 
summit level for its descent to the next; the same will take 
place at every level until the last, where it will carry out with it 
the prism of lift, which was drawn from the summit level for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit level. If the two boats had met on the 
summit level, the same would have taken place : therefore, when 
the boats alternate regularly, each will require but one pnsm of 
lift for its entire passage. But as this regularity of alternation 
cannot be practically carried into effect, an allowance of two 
prisms of lift must be made for the entire passage of each boat. 

In calculating the expenditure for locks in flights, a new ele- 
ment, termed the pristn of draught, must be taken into account. 
This prism is the quantity of water required to float the boat in 
the lock when the prism of lift is drawn off; and is evidently 
equal in depth to tne water in the canal, unless it should be 
deemed advisable to make it just sufficient ifor the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights may be considered under two points of 
view, with regard to the expenditure of water : the first, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ; or second, where the prisms of draught are 
always retained in the locks. The expenditure, of course, will 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 
be supposed, in which there is a flight of locks on each side of 
the summit level, to connect it with the two next lower levels. 
In the first case, a boat, arriving at the foot of the flight, finds 
all the locks of the flight empty, except the lowest, which must 
contain a prism of draught to float the boat in. To raise the 
boat, then, to the upper level, all the locks of the flight must be 
filled from the summit level, which will require as many prisms 
of lift as there are locks, and as many prisms of draught as there 
are locks less one ; or, representing by l the prism of lift, n the 
prism of draught, and n tlie number of locks in the flight, the 
total Quantity of water, for tlie ascent of the boat, will be repre- 
sented by , , -V /,X 

^ nL + (n— 1)d; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ; but to enter the sec- 
ond another prism of draught in addition will be required, and 
this entire quantity will be sufficient to take it through a;! tL4 
remaining locks oi the flight : this quantity will therefore {i \ xt^y 
resented bv 

l + 2d; ...... (a). 
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to that for the entire passage of the boat, the total expenditure 
mO be represented by 

(n + l)L + (n + l)D. . (3). 

The flight, on one side, is thus left full after the passage of 
the first boat, and on the other side, empty. If a second boat, 
then, follows directly after the first, the prism of lift must be 
drawn from the lowest lock to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev- 
el ; so that but one prism of lift will be drawn off for the ascent 
of this boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. If, therefore, the total 
number of boats which follow in this order, including the first, 
be represented by m, the total expenditure will be represent- 
ed by 

(w + l)L + (n + l)D + (m- 1)2l + (wi — 1)2d. . (4). 

If the second boat, instead of following the first, arrives in 
the opposite direction, or alternates with it, the expenditure for 
its ascent will be represented by the formula (1), and for its de- 
scent it will be nothing, since it finds the opposite flight filled, 
as left by the first boat ; but if the locks had been emptied, then 
the passage of the second boat would have taken place under 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the different 
circumstances of passage of the boats or of empty or full flights ; 
the preceding gives the spirit of the method, and will give the 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, followmg 
any prescribed order of passage. These refinements are, for 
the most part, more curious than useful ; and the engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
number of boats. 

697. Feeders and Reservoirs, Having ascertained, from the 
preceding considerations, the probable supply which should be 
collected at the summit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be collected for 
its supply ; but it is found in practice that channels for the con- 
veyance of water must have certain slopes, and that these slopes, 
moreover, will regulate the supply furnished in a certain time, 
all other things being equal. In making, however, the survey 
of the country, from which the water is to be supplied to the 
f mnmit level, all the ground above it should be examined, leav- 

41 
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ing the detenniiiatioD of the slopes for after consideraions. Tlie 
survey for this object consists m making an accurate delineation 
of all the water-courses above the summit level, and in ascer- 
taining the quantity of water which can be furnished by each in 
a given time. This survey, as well as the measurement of the 
quantity of water furnished by each stream, which is termed the 
gauging^ should be made in the driest season of the year, in or- 
der to ascertain the minimum supply. 

698. The usual method of collecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
voirs. The feeder is a canal of a small cross section, which is 
traced on the surface of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
londtudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall deliver a certain supply in a 
given time. The smaller the slope given to the feeder, the lower 
will be the points at which it will intersect the sources of supply^ 
and therefore the greater will he the quantity of water which it 
will receive. This slope, however, has a practical limit, which 
is laid down at four inches in 1000 yards, or nine thousand base 
to one altitude ; and the greatest slope should not exceed that 
which would give the current a greater mean velocity than thir 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders are furnished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water collected by the feeders 
is delivered at the reservoir ; the loss from various causes being 
much greater in them than in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it gathers from 
its sources of supply ; and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
lesei ve for the necessary supply of the summit level. A reser- 
voir is usually formed by choosing a suitable site in a deep and 
narrow valley, which lies above the summit level, and erecting a 
dam of earth, or of masonry, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected. 
The object to be attained, in this case, is to embody the greatest 
volume of water, and at the same time present the smallest 
evaporating sui face, at the smallest cost for the construction of 
the dam 
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ll 18 generally deemed best to, have two reservoirs for the sup- 

, one to contain the greater quantity of water, and the other, 
Which is termed the distributing reservoir, to regulate the sup- 
ply to the summit level. If, however, the summit level is very 
capacious, it may be used as the distributing reservoir. 

The proportion between the quantity of water that falls upon 
a given sunace, and that which can be collected from it for the 
supply of a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is ^eatfest in high latitudes, and in the winter and spring 
seasons ; with respect to the natural features, a wooded surface 
with narrow and deep valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this point by engi- 
neers. From some by Mr. J. B. Jervis, in reference to the 
reservoirs for the Chenango canal, in the state of New York, it 
appears that in that locality about two fifths of the quantity of 
rain may be collected for the supply of a reservoir. The pro- 
portion usually adopted by engineers is one third. 

The loss of water from the reservoir by evaporation, filtration, 
and other causes, will depend upon the nature of the soil, and 
the exposure of the water surface. From observations made 
upon some of the old reservoirs in England and France, it ap- 
pears that the daily loss averages about half an inch in depth. 

700. The dams of reservoirs have been variously constructed : 
in some cases they have been made entirely of earth, (Fig. 167;) 




Fig. 167— Rej 
A,bodjof -^ 
B,poiid. . 



jnts the section of a dam with three discharging culverts, 
dam. 



a, a, a, calverts^ with valree at their inlets, which discharge into the vertical well b. 
f , c, Cy grooves, m the faces of the side-walls, which form the entrance to the culverts, 

for stop-plank 
i, stop-plank dam across the outlet of the bottom culvert, to dam back the water into 

the vertical well. 
f , parapet wall on top of the dam. 

m Others, entirely of masonry ; and in others, of earth packed La 
between several parallel stone walls. It is now thougnt best to 
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use either earth or ^)a^7nry alone, according to the ciicum 
stances of the case ; the comparative expense of the two meth* 
ods being carefully considered. 

Earthen dams should 3e made with extreme care, of the best 
binding earth, well freed from every thing that might cause fil<* 
trations. A wide trench should be excavated to the firm soil, tc 
receive the base of the dam ; and the earth should be carefully 
spread and rammed in layers not over a foot thick. As a farther 
precaution, it has in some instances been thought necessary to 
place a stratum of the best clay puddling in the centre of the 
dam, reaching from the top to three or four feet below the base. 
The dam may be from fifteen to twenty feet thick at top. The 
slope of the dam towards the poiid should be from three to six 
base to one perpendicular ; the reverse slope need only be some- 
what greater than the natural slope of the earth. 

The slope of dams exposed to tlie water is usually faced 
with dry stone, to protect the dam from the action of the surface 
ripple. This kina of facing has not been found to withstand 
well the action of the water when agitated by high winds. Upon 
some of the more recent earthen dams erected in France, a facing 
of stone laid in hydrauUc mortar has been substituted for the one 
of dry stone. The plan adopted for this facing (Fig. 168) con- 
Fig. 168— Represents Uie method 
of facinjf; the pond slope of a 
dam, with low walls plaoed in 
offsets. 
A, body of the dam. 

a, a. 0, low walls, the faces of 
which are bailt m offsets. 

b, b, top surface of the oflbets be- 
tween the walls, covered with 
stone slabs laid in mortar. 

c, top of dam faced like the off- 
sets 6. 

d, parapet wall. 

sists in placing a series of low walls, in offsets above each other, 
along the slope of the dam, covering the exposed surface of each 
offset, between the top of one wall and the foot of the next, with 
a coating of slab-stone laid in mortar. The walls are firom five 
to six feet high. Thev are carried up in small offsets upon the 
face, and are made either vertical, or leaning, on the back. The 
width of the offsets of the dam, between the top of one wall and 
the foot of the next, is from two to three feet. 

An arched culvert, or a large cast-iron pipe, placed at some 
suitable point of the base of the dam, which can be closed or 
opened bv a valve, will serve for drawing off the requisite 
supply of watev, and for. draining the reservoir in case of re- 
pairs. 

The culvert should be strongly constructed, and the eiitb 
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around it be well puddled and rammed, to prevent filtrationa 
It« size should be sufficient for a man to enter it with ease. 
The valves may be placed either at the entrance of the culvert, 
or at some intermediate point between the two ends. Great 
care should be taken in their arrangement, to secure them from 
accidents. 

When the depth of water in a reservoir is considerable, several 
culverts should be constructed, (Fig. 167,) to draw off the water at 
different levels, as the pressure upon the lower valves in this case 
would be very great when the reservoir is full. They may be 
placed at inlervalsof about twelve feet above each other, and be 
arranged to discharge their water in a common vertical shaft. 
In this case it will be well to place a dam of timber at the outlet 
of the bottom culvert, in order to keep it filled with water, to 
prevent the injury which the bottom of it might receive from the 
water discharged from the upper culverts. 

The side walls which retain the earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
scantling laid horizontally between the walls, termed stop-planksj 
to ^orm a temporary dam, and cut off the water of tne reser- 
voir, in case of repairs to the culverts, or to the face of the 
dam. 

The valves are small sliding gates, which are raised and low- 
ered by a rack and pinion, or by a square screw. The cross 
section of the culvert is contracted by a partition, either of ma- 
sonry or timber, at the point where the valve is placed. 

701. Dams of masonry are water-tight walls, of suitable forms 
and dimensions to prevent filtration, and resist the pressure of 
water in the reservoir. The most suitable cross section is that 
of a trapezoid, the face towards the water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
sufficient stability. The wall should be at least four feet thick 
at the water line, to prevent filtration, and this thickness may be 
increased as circumstances may seem to require. Buttresses 
should be added to the exterior facing, to give the wall greater 
stability. 

702. Suitable dispositions should be made to relieve the dam 
from all surplus water during wet seasons. For this purpose 
arrangements should be made for cutting off the sources of sup* 
ply from the reservoir ; and a cut, termed a wdste-weir^ (Fig* 
169,) of suitable width an;l depth should be made at some point 
along the top of the dam, and be faced with stone, or wood, to 
give an outlet to the water over the dam. In high dams the 
total fall of the water should be divided into several partial falls, 
by dividing the exterior surface over which the water runs into 
oobets. To break the shock of the water upon the horizonta. 
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surface of tlie offset, it should be kept cohered with a sheet ol 
water retabed by a dam plac^ across its oudet. 




Fig. KHh-Reprenenta a section of a waste-weir divided into two falls. 

A, body of the dam. 

0, top of the waste-weir. 

6, pool, formed by a stop-plank dam at c. to break the fall of the water. 

d, covering of k>ose stone to break the fail of the water from the pool above. 

703. In extensive reservoirs, in which a large surface is ex- 
posed to the action of the winds, waves might be forced ovez 
tlie top of the dam, and subject it to danger ; in such cases the 
precaution should be taken of placing a parapet waU towards 
tlie outer edge of the top of the aam, and facing the top through- 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
expenditure of water for the service of the navigation, it appears 
tliat isolated locks are more favorable under this point of view 
tlian locks in flights. The engineer is not, however, always left 
free to select between the two systems; for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of the 
two methods, a flight is in most cases cheaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
suppression of tlie small gates, which are not needed in flights. 
It IS, however, more diflicult to secure the foundations of com- 
bined than of single locks from the effects of the water, which 
forces its way frt>m the upper to the lower level under the locks. 
Where an active trade is carried on, a double flight is sometimes 
arranged ; one for the ascending, the other for the descending 
boats. In this case the water which fills one flight may, after 
Uie passage of the boat, be partly used for the other, by an 
^rangement of valves made in the side wall separating the 
iocks. 

l^he lift of locks is a subject of importance, both as regards 
ifae consumption of water for the navigation, and the economy 
i>f construction. Locks with great lifts, as may be seen (rom 
the remarks on the passage of boats, consume more water this 
Ukmc with small lifts. They require also moce care in thcii 
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construction, to preserve them from accidents, owing to the greai 
pressure of water against their sides. The expense of construc- 
tion is otherwise in their favor; that is, the expense will increase 
with the total number of locks, the height to be ascended being 
the sam«^. The smallest lifts are seldom less than five feet, and 
the greatest, for ordinary canals, not over twelve ; medium lifts 
of seven or eight feet are considered the best under every point 
of vievi . This is a point, however, w^hich cannot be settled 
arbitrarily, as the nature of the foundations, the materials used, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefully weighed before adopting a 
definitive plan. 

The lifts of a flight should be the same throughout ; but in 
isolated locks the lifts may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with care, the lifts of locks which are furnished from it 
may be less than those lower down. 

705. Levels. The position and the dimensions of the levels 
must be mainly determined by the form of the natural surface. 
Those points are naturally chosen to pass from one level to 
another, or as the positions for the locks, where there is an ab- 
rupt change in the surface. 

A level, by a suitable modification of its cross section, can be 
made as short as may be deemed desirable ; there being but one 
point to be attended to in this, which is, that a boat passing be- 
tween the two locks, at the ends of the level, will have lime to 
enter either lock before it can ground, on the supposition, that 
the water drawn ofi" to fill the lower lock, while the boat is tra- 
versing the level, will just reduce tlie depth to the draught of the 
boat. 

706. Locks. A lock (Fig. 170) may be divided into three 
distinct parts : — 1st. The pait included between the two gates, 
which is termed the chamber. 2d. The part above the upper 
gates, termed the fore, or head-hay. 3d. The part below the 
lower gates, termed the q/i, or tail-bay. 

707. The lock chamber must be wide enough to allow an 
easy ingress and egress to the boats commonly used on the ca- 
nal; a surplus width of one foot over the width, of the boat across 
the beam is usually deemed sufiScient for this purpose. The 
lengtli of the chamber should be also regulated by that of the 
boats; it should be such, that when the boat enters the lock 
from the lower level, the tail-gates may be shut without requiring 
the boat to unship its rudder. 

The plan of the chamber is usually rectangular, as this form 
It, in every respe»::t, superior to all others. In the cross section 
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of the chamber, (Fig. 171,) the sides receive generally a slight 



. 171— Represents a section of Fig. 170, thimigh 
Jie chamber. 

A, A, chamber walls. 

B, chamber fonned with an faiverted-aroh bottom 



batter ; as when so arranged they are found to give greater fa- 
cility to the passage of the boat than when vertical. The bot- 
tom of the chamber is either flat or curved ; more water will be 
required to fill the flat-bottomed chamber than the curved, but it 
will require less masonry in its construction. 

708. The chamber is terminated just within the head gates by 
a vertical wall, the plan of which is usually curved. As this 
wall separates the upper from the lower level, it is termed the 
lift-wall ; it is usually of the same height as the lift of the lev- 
els. The top of the lift-wall is formed of cut stone, the vertical 
joints of which are normal to the curved face of the wall ; this 
top course projects from six to nine inches above the bottom of 
the upper level, presenting an angular point, for the bottom of 
the head-gates, when shut, to rest against. This is termed the 
mitre-sill. Various degrees of opening have been given to the 
angle between the two branches of the mitre-sill ; it is, however, 
generally so determined, that the perpendicular of the isosceles 
triangle, formed by the two branches, shall vary between on6 
fifth and one sixth of the base. 

As stone mitre-sills are liable to injury from the shock of the 
gate, they are now usually constructed of timber, (Fig. 172,) by 




Fig. 173— Represents a plan of a wooden mitre- 
sill, and a horizontal section of a lock-gate 
(Fig. 173) closed. 

a, a, mitre-sill framed with the pieces b and e, 
and firmly fastened to the side walls A, A. 

d, section of qaoin posts of lock-gate. 

e, section of mitre posts. 



framing two strong beams with the proper angle for the cate 
when closed, and securing them firmly upon the top of the lift- 
«vall. It will be well to place the top of the mitre-sill on the 
lift-wall a little lower than the bottom of the canal, to preserve 
it from being struck by the keel of the boat on entering, or 
leaving the lock. 

. 709. The cross section of the chamber walls is usually trape- 
loidal ; the facing receives a slight batter. The chamber walli 
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•ure exposed to two opposite efforts ; the watei in the Iock an 
one side, and the emDankment against the wall on the other. 
The pressure of the embankment is the greater as well as the 
more permanent effort of the two. The dimensions of the wall 
must be regulated by this pressure. The usual manner of doing 
this, is to make the wall four feet thick at the water line of the 
upper level, to secure it against filtration ; and then to determine 
the base of the batter, so that the mass of masonry shall present 
sufficient stability to counteract fhe tendency of the pressure. 
The spread, and other dimensions of the foundations, will be 
regulated according to the nature of the soil, in the same way 
as in other structures. 

710. The bottom of the chamber, as has been stated, may be 
either flat or curved. The flat bottom is suitable to very firm 
soils, which will neither yield to the vertical pressure of the 
chamber walls, nor admit the water to filter from the upper level 
under the bottom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as this form 
will oppose greater resistance to the upward pressure of the 
water under the bottom, and will serve to distrioute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depend on the 
width of the chamber, and the nature of the soil. Were the 
soil a solid rock, no bottoming would be requisite ; if it is of soft 
mud, a very sohd bottoming, from three to six feet in thickness, 
might be requisite. 

711. The principal danger to the foundations arises from the 
water which may niter from the upper to the lower level, under 
the bottom of the lock. One preventive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the ond 
of the head-bay ; another, which is more expensive, but more 
certain in its effects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and filling it with 
beton, which unites at top with the masonry of tlie head-bay. 
Similar trenches might be placed under the chamber were it 
considered necessary. 

712. The lift-wall usually receives the same thickness as the 
chamber walls ; Ijut, unless the soil is very firm, it would be 
more prudent to form a general mass of masonry under the en- 
tire head-bay, to a level with the base of the chamber founda- 
tions, of which mass the lift-wall should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of the side walls of the lock. They are ter- 
minated by two wing walls, which it will be found most eco- 
nomical to run back at right angles with the side walls. A re- 
cess, termed the gate-chamber^ is made Ji the wall of the head 
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bay } the depth of this recess should be sufficient to allow the 

Sate, when open, to fall two or tliree inches within the facing of 
le wall, so tnat it may be out of the way when a boat is pass 
ing ; the length of the recess should be a few inches more than 
the width of the gate. That part of the recess where the gate 
turns on its pivot is temped the hollow quoin ; it receives what 
is termed the heel^ or quoin-post of the gate, which is made of a 
suitable form to fit the hollow quoin. The distance between the 
hollow quoins and the face of the lift-wall will depend on the 
pressure against the mitre-sill, and the strength of the stone ; 
eighteen inches will generally be found amply sufficient. 

The side walls need not extend more tnan twelve inches be 
yond the other end of the gate-chamber. The wing walls may 
be extended back to the total width of the canal, but it will be 
more economical to narrow tlie canal near the lock, and to ex- 
tend the wing walls only about two feet into the banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
remilated in the same way as the chamber walls. 

riie bottom of the heai-bay is flat, and on the same level with 
the bottom of the canal ; the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714. The gate-chambers for the lower gates are made in the 
chamber walls ; and it is to be observed, that the bottom of the 
chamber, where the gates swing back, should be flat, or be oth- 
erwise arranged not to impede the play of the gates. 

715. The side walls of the tail-bay are also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece- 
ding cases. Their length will depend chiefly on the pressure 
which the lower gates throw against them when the lock is full ; 
and partly on the space required by the lock-men in opening and 
shutting gates manoeuvrecl by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
walls, similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should, in both 
cases, either be curved, or the stones at the angles be rounded 
off*. One or two perpendicular grooves are sometimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shut off* the water of the lower level 
from the chamber, in case of repairs, &c. Similar arrangements 
might be made at the head-bay, but they are not indispensable 
in either case. 

The strain on the walls at the hollow quoins is greater than ai 
any other points, owing to the pressure at those points from the 
^tes, when they are shut, and to the action of the gates when 
m motion; to counteract this, and strengthen the walls, buV 
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tresses should be placed at the back of the walls, in die most 
&vorable position behind the quoins to subserye the object ia 
view. 

The bottom of the tail-bay is arranged, in all respects, lika 
that of the head-bay. 

716. The top of the side walls of the lock may be from one 
to two feet above the general level of the water in the upper 
reach; the top course of the masonry being of heavy large 
blocks of cut stone, although this kind of coping is not indis- 
pensable, as smaller masses have been found to suit the same 

Imrpose, but they are less durable. As to the masonry of the 
ock, in general, it is only necessary to observe, that those parts 
alone need be of cut stone where there is great wear, and tear 
from any cause, as at the angles generally ; or where an^ accu- 
rate finish is indispensable, as at the hollow quoins. The other 
parts may be of brick, rubble, beton, &c., but every part should 
be laid in the best hydraulic mortar. 

717. The filling and emptying the lock chamber have given 
rise to various discussions and experiments, all of which have 
been reduced to the comparative advantages of letting the water 
in and off by valves made in the gates themselves, or by culverts 
in the side walls, which are opened and shut by valves. When 
the water is let in through valves in the gates, its effects on the 
sides and bottom of the chamber are found to be very injurious, 
particularly in high lift-walls ; besides the inconvenience result- 
mg from the agitation of the boat in the lock. To obviate this, 
in some degree, it has been proposed to give the lift-wall the 
form of an inclined curved surface, alon^ which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an elliptical cross section, which are made in the mass 
of masonry oi the side-walls, to convey the water from the up- 
per level to the chamber. These culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the chamber, from the lift-wall to the end of the tail-waD, and 
have several outlets leading to the chamber. They are arranged 
with two valves, one to close the mouth of the ciJvert, at the 
upper level, the other to close the outlet from tlie chamber, to 
the lower level. This is, perhaps, one of the best arrangements 
for side culverts. They alt present the same difficulty in making 
repairs when oui of oi der, and they are moreover very subject 
to accidents. They are therefore on these accounts inferior to 
valves in the gates. 

719. It has also been proposed, to avoid the inconveniences 
of culverts, and the disadvantages of lift-walls, by suppressing 
the latter, and gradually increasing the depth of the upper leve^ 
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to the bottom of the chamber. Ths method presents a saving 
in the mass of masonry, but the gates will cost more, as the 
head and tail gates must be of the same height. It would en- 
tirely remove the objection to valves in the gates, as the current 
through them, in this case, would not be sufficiently strong to 
injure the masonry. 

720. The bottom of the canal below the lock should be pro- 
tected by what is termed an apron, which is a covering of plank 
laid on a grillage, or else one of brush-wood and dry stone. The 
sides should also be faced with timber or dry stone. The length 
of this facing will depend on the strength of the current ; gene- 
rally not more than from fifteen to thirty feet from the lock will 
require it. • The entrance to the head-bay is, in some cases, 
similarly protected, but this is unnecessary, as the current has 
but a very slight effect at that point. 

721. Locks constructed of timber and dry stcne, termed com^ 
posite-locks, are to be met with on several of tl^ie canals of the 
United States. The side walls are formed of dry stone carefully 
laid ; the sides of the chamber being faced with plank nailed to 
horizontal and upright timbers, which are firmly secured to the 
dry stone walls. The walls rest upon a platform laid upon heavy 
beams placed transversely to the axis of the lock. The bottom 
of the chamber usually receives a double thickness of plank 
The quoin-posts and mitre-sills are formed of heavy beams. 

722. Lock Gates. A lock gate (Fig. 173) is composed of two 




Fig. 173— Repre- 
senta the eleva- 
tion of a lock- 
gate closed. 

a, a, quoin-posts. 

(, mitre-poirts. 

c, Ct cross pieces 
framed into a 
and b and firmlv 
connected witn 
them by wrought 
iron plates. 

0, plank or sheath- 
mg of the gate. 

d, valve. 



ffl| Illy t 

beam. 



leaves, each leaf consisting of a solid frame-work covered on 
the side towards the water with thick plank made water-tight 
The frame usually consists of two uprights, of several horizon- 
tal cross pieces let into the uprights, and sometimes a diagonaj 
piece, 01 brace, intended to keep the frame of an invariable 
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form, is added. The upright, around which the leaf turns, termed 
the qtioin or heel-post, is rounded off on the back to fit in the 
hollow quoin ; it is made slightly eccentric with it, so that it may 
turn easily without rubbing against the quoin ; its lower end rests 
on an iron gudgeon^ to which it is fitted by a correspondmg in 
dentation in an iron socket on the end ; the upper extremity is 
secured to the side walls by an iron collar, within which the posi 
turns. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor-iroTis, which 
are firmly attached by bolts, or a lead sealing, to the top course 
of the walls. One of the anchor-irons is placed in a line with 
the leaf when shut, the other in a line with it when open, to re • 
sist most effectually the strain in those two positions pf the gate. 
The opposite upright, termed the mitre-post, has one edge bev- 
elled on, to fit against the mitre-post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beam, from its 
partially balancing the weight of the leaf, rests on the quoin 
post, to which it is secured, and is mortised with the mitre post. 
The balance beam should be about four feet above the top of the 
lock, to be readily manoeuvred ; its principal use being to open 
and shut the leaf. 

724. The top cross piece of the eate should be about on a 
level with the top of the lock ; the oottom cross piece should 
swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be made to depend on their dimen- 
sions : if they are of the same dimensions, they should be placed 
nearer together at the bottom, as the pressure of the water is 
there greatest ; but, by making them of uneaual dimensions, 
they may be placed at equal distances apart ; tnis, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either parallel to the uprights, or 
parallel to the diagonal brace ; in the latter position they will act 
with the brace to preserve the form of the frame. 

725. A wide board supported on brackets, is often afiExed to 
the gates, both for the manoeuvre of the machinery of the valves, 
and to serve as a foot bridge across the lock. The valves are 
small gates which are arranged to close the openings made in 
the gates for letting in, or drawing off the water. They are ar- 
ranged to slide up and down in grooves, by the aid of a nick and 

Einion, or a square screw ; or they may be made to open or shut 
V turning on a vertical axis, in which case they are termed pad* 
die gates. The openings in the upper gates are made between 
the two lowest cross pieces. In the lower gates the openinn 
tie placed just below the surface of the water in the reaca. The 
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fi«e of the opening will depend on the time in wirch t is i*t 
quired to fiQ the lock. 

726. Accessory Works. Under this head are classed those 
constructions which are not a part of the canal proper, although 
generally found necessary on all canals : as the culverts for cun- 
Tey;ng off the water courses which intersect the Une of the canal ; 
the inkts of feeders for the supply of water ; aqubuuct bridges, 
&C. &c. 

727. Culverts. The disposition to be made of water courses 
intersecting the line of the canal will depend on their size, the 
character of their current, and the relative positions of the canal 
and stream. 

Small brooks which lie lower than the canal may be conveyed 
under it through an ordinary culvert. If the level of the cana] 
and brook is naarly the same, it will then be necessary to make 
the culvert in the shape of an inverted s}rphon, and it is therefore 
termed a broken-back culvert. If the water of the brook is 

fenerally limpid, and its current gentle, it may, in the last case, 
e received into the canaL The communication of the brook, or 
feeder, with the canal, should be so arranged that the water may 
be shut off, or let in at pleasure, in any quantity desired. For 
this purpose a cut is made through the side of the canal, and the 
sides and bottom of the cut are faced with masonry laid in hy« 
draulic mortar. A sliding gate, fitted into two grooves made in 
the side waUs, is manoeuvred by a rack rnd pinion, so as to reg- 
ulate the quantity of water to be let in. The water of the feeder, 
or brook, should first be received in a baein, or reservoir, near 
the canal, where it may dcposite its sediment before it is drawn 
off. In cases where the Une of the canal is crossed by a torrent, 
which brings down a large qnantity of sand, pebbles, &c., it may 
be necessary to make a permanent structure over the canal, form* 
ing a channel for the torrent ; but if the di.^charge of the torrent 
is only periodical, a moveable chrnnftl may be arranged, for the 
same purpose, by constructing a boat with a deck and sides to 
form tne water-way of the torren!. The boat is kept in a recess 
in the canal near the point where it in used, and is floated to its 
position, and sunk when wanted. 

728. AqueductSf ^. When the line of the canal is intersect- 
ed by a wide water-course, the communication between the two 
shores must be effected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As th«' 
construction of aqueduct bridges has already been considered 
nothing farther on this point need here be added. l*he expe 
dient of crossing the stream by the boats may be ^t*ended wil* 
many grave inconveniences in water courses H.'J^i- ♦o fro^Vt* 
or to considerable variations of ?evel at differenf &^v^oa^. I« 
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the?e cases locks must be so arranged on each side, where ifac 
canal enters the stream, that boats may pass from the one to the 
other under all circumstances of difference of level between the 
two. The locks and the portions of the canal which join the 
stream must be secured against damage from freshets by suita- 
ble embankments ; and, when the summer water of the stream 
is so low that the navigation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
during this epoch. 

729. Canal Bridges. Bridges for roads over a canal, termed 
canal'bridges, are constructed like other strucUu^s of the same 
kind. In planning them the engineer should endeavor to give 
sufficient height to the bridge to prevent those accidents, of but 
too frecjuent occurrence, from persons standing upright on the 
deck ot the passage-boat while passing under a bridge. 

730. Waste-Wier, Waste-wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The best arrangement for a waste-wier is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. The sides and bottom of the cut must be faced with ma- 
sonry, and have grooves left in them to receive stop-plank, or a 
sliding gate, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, or 
to drain the level completely. 

731. Temporary Dams. In long levels an accident happen- 
ing at any one point might cause serious injury to the navigation, 
besides a great loss of water. To prevent this, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to the width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a temporary dam for shutting off the wat^ 
on either side. 

732. Tide^ or Guard Lock. The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speakihg, a bar will be found in the principal water course at, 
or below, the points where it receives its amuents. When the 
canal, therefore, follows the valley of an affluent, its outlet 
should be placed below the bar, tu render its navigation perma- 
renily secure from obstruction. A large basin is usually formed 
at tlie outlet, for the convenience of commerce ; and the entrance 
from this basin to the canal, or from tlie river to the basin, is ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as the level in the out 
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18 higher or lower than that in the other* A lock so arranged is 
termed a tide^ or guard lock, from its uses. The position of 
the tail of this lock is not indifferent in all cases where it fonns 
the outlet to the river ; for were the tail placed up stream, it 
would be more difficult to pass in or out, than if it were down 
stream. 

733. The general dimensions of canals and their locks in this 
country and in Europe, with occasional exceptions, do not differ 
in any considerable degree. 

English Canals. Two classes of canals are to be met with m 
England, differing materially in their dimensions. The following 
are the usual dimensions of the cross section of the largest size, 
and those of their locks : — 

Width of section at the water level, frc»m 36 to 40 feet. 
Width at bottom, . . . . S4 " 

Depth, 6 " 

Length of lock between mitre-sUls, 75 to 85 '• 

Width of chamber, . . . . 15 *' 

The Caledonian canal, in Scotland, which connects Loch-Eil 
on the Western sea with Murray Firth on the Eastern, is re- 
markable for its size, which will admit of the passage of frigates 
of the second class. The following are the principal dimensions 
of the cross section of the canal and its locks : — 

Width of canal at the water level, 

Width at bottom, 

Depth of water, .... 

Width of berm, .... 

Length of lock between mitre-sills, 

Width of chamber at top, 

Lift of lock, 

The side walls of the locks are built with a curved batter , 
they are of the uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feet apart, which are 4 feet wide 
and of the same thickniesa. The bottom of the chamber is form 
ed with an inverted arch. 

French Canals. In France the following uniform system has 
been established for the dimensions of canals and their locks • — 

Width of canal at water level, . . 52 feet. 

Width at bottom, . . . . 33 to 36 " 

Depth of water, 5 " 

Length of lock between mitre-sills, . 115" 

Width of lock, 17 " 

The boats adapted to these dimensions are from 105 to 108 
feet long, 16^ feet across the beam, and have a draught of 4 feet. 
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The English and French canals usually have but one tow-path 
which is from 9 to 12 feet wide, and about 2 feet above the wa 
ter level. The side of the tow^ath embankment next to th« 
water-way is usually faced either with dry stone, masonry, u) 
planks retained by short piles. 

Canals of the United States and Canada. The original di 
mensions of the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 
most of^ the other states. The dimensions of this canal and its 
locks are as follows ; — 

Width of canal at top, 

Width at bottom. 

Depth of water, .... 

Width of tow-path, 

Length of locks between mitre-sills. 

Width of locks, 

For the enlargement of the Erie canal, the following dimea* 
flions have been adopted : — 

Width of canal at top. 

Width at bottom, 

Depth of water, .... 

Width of tow-path. 

Length of locks between mitre-sills. 

Width of lock at top. 

Width of lock at bottom. 

Lift of locks, .... 

Between the double locks a culvert is placed, which allows 
the water to flow from the level above the lock to the one below, 
when there is a surplus of water in the former. 

A well, or pit, is left between the lift-wall of the lock and the 
cross wall which retains the earth at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and gravel brought down by the current, prevents it from 
obstructing the play of the gates. 

On the Chesapeake and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimen- 
sions : — 

Width of canal at top, .... 60 feet. 
Width at bottom, .... 42 " 

Depth of water, 6 

Length of locks between mitre-sills, . 90 

Width of locks, 15 " 

The following dimensions have been adopted on the James 
river canal, in Virginia : — 
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Width of canal at top, .... 50 feet. 
Width at bottom, .... 30 " 

Depth of water, 5 " 

Length of locks, . . . . 100 " 

Width of locks, 15 " 

The Rideau canal, which connects Lake Ontario with the 
River Ottawa, is arranged for steam navigation. A considerable 
portion of this line consists of slack-water navigation, formed by 
connecting the natural water-courses between the outlets of the 
canal. Tne length of the locks on this canal is 134 feet between 
the mitre-sills, and their width 33 feet. 

The Welland canal, between lakes Erie and Ontario, as origin- 
ally constructed, received the following dimensions : — 
Width of canal at top, . . . , 
Width at bottom, .... 

Depth of water, .... 
Length of locks betwen mitre-sills, 
Width of locks, .... 
The canals and locks made to avoid the dangerous rapids oi 
the St. Lawrence are in all respects among the largest in the 
world. The following are the (dimensions of the portion of the 
canal and the locks between Long Sault and Cornwall : — 
Width of canal at top, . . . .132 feet. 
Width at bottom, .... 100 " 

Depth of water, 8 *' 

Width of tow-path, . . . . 12 " 

Length of locks between mitre-sills, . 200 " 

Width of locks at top, . . . 56.6 " 

Width of locks at bottom, ... 43 " 

A berm of 5 feet is left on each side between the water way 

and the foot of the interior slope of the tow-path. The height 

of the tow-path is 6 feet above the berm. By increasing the 

de|>th of water in the canal to 10 feet, the water line at top can 

be increased to 150 feet. 
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RIVERS. 

734. Natural features of Rivers, All rivers present the same 
natural features and phenomena, which are more or less strongly 
marked and diversified by the character of the region througn 
virhich they flow. Taking their rise in the highlands, and gradu- 
ally descending thence to some lake, or sea, their beds are mod- 
ified by the nature of the soil of the valleys in which they lie, 
and the velocities of their currents are affected by the same 
causes. Near their sources, their beds are usually rocky, irregular, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the beds become wider and more regular, the de- 
clivity less, and the current more gentle and 'uniform. In the 
upper portions of the beds, their direction is more direct, and the 
obstructions met with are usually of a permanent character, aris- 
ing from the inequalities of the bottom. In the lower portions, 
the beds assume a more tortuous course, winding through their 
valleys, and forming those abrupt bends, termed elbows^ which 
seem subject to no fixed laws ; and here are found those ob- 
structions, of a more changeable character, termed bars, which 
are caused by deposites in the bed, arising from the wear of the 
banks ^V the current. 

735. The relations which are found to^xist between the cross 
section of a river, its longitudinal slope, the nature of its bed, 
and its volume of water, are termed the regimen of the river. 
When these relations remain permanently invariable, or change 
insensibly with time, the river is said to have di fixed regimen. 

736. Most rivers acquire in time a fixed regimen, although 
periodically, and sometimes accidentally, subject to changes 
from freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into the 
bed, cause corresponding changes in the velocity of the- current, 
and in the form and dimensions of the bed. These changes will 
depend on the character of the soil, and the width of the valley. 
In narrow valleys, where the banks do not readily yield to the 
action of the current, the effects of any variation of velocity will 
only be temporarily to deepen the bed. In wide valleys, where 
the soil of the banks is more easily wopn by the current than the 
bottom, any increase in the volume of water will widen the bed ; 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually shifted to* 
wanl£ the concave side of the elbow. 
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737. The formation of elbows occasions also variations in the 
depth and velocity of the water. The greatest depth is found 
it the concave side. At the straight portions which connect two 
elbows, the depth is found to decrease, and the velocity of the 
current to increase. The bottom of the bed thus presents a se- 
ries of undulations, forming shallows and deep pools, with rapid 
tnd gentle currents. 

738. Bars are formed at those points, where from 4ny cause 
the velocity of the current receives a sudden check. The 
particles suspended in the water, or borne along over the bottom 
of the bed by the current, are deposited at these points, and con- 
tinue to accumulate, until, by the gradual filling of the bed, the 
water acquires sufiicient velocity to bear farther on the particles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points at which these changes of velocity usually 
lake place, and near which bars are found, are at the junction of 
a river with its affluents, at those points where the bed of the river 
receives a considerable increase in width, at the straight portions 
of the bed between elbows, and at the outlet of the river to the 
sea. The character of the bars will depend upon that of the soi. 
of the banks, and the velocity of the current. Generally speak- 
ing, the bars in the upper portions of the bed will be composed 
of particles which are larger than those by which they are formed 
lower down. These accumulations at the mouths oi large rivers 
form in time extensive shallows, and great obstructions to tlie 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient outlet by the ordinary channel, ex- 
cavates for itself others through the most yielding parts of the 
deposites. In this manner are formed those features which char- 
acterize the outlets of many large rivers, and which are termed 
delta, after the name given to the peculiar shape of the outlets 
of the Nile. 

740. River Improvements, There is no subject that falls with- 
m the province of the engineer's art, that presents greater difli- 
culties and more uncertain issues than the improvement of rivers. 
Ever subject to important changes in their regimen, as the re- 
gions by which they are fed are cleared uf their forests and 
brought under cultivation, one century sees them deep, flowing 
with an equable current, and liable only to a gradual increase in 
f olume during the seasons of freshets ; while the next finds their 
beds a prey to sudden and great freshets, which leave them, after 
(heir violent passage, obstructed by ever shifting bars and elbows. 
Besides these revolutions brought about in the course of years, 
every obstruction temporarily placed in the way of the current 
every attempt to guard one point from its action by any artificia3 
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means, inevitably produces 3ome coi responding change at another, 
which can seldom be foreseen, and for which the remedy applied 
may prove but a new cause of harm. Thus, a bar removea from 
one point is found gradually to form lower down ; one bank pro- 
tected from the current's force transfers its action to the opposite 
one, on any increase of volume from freshets, widening the bed, 
and frequently giving a new direction to the channel. Owing tc 
these ever varying causes of change, the best weighed plans of 
river improvement sometimes result in complete failure. 

741. In forming a plan for a river improvement, the principal 
objects to be considered by the engineer, are, 1st, The means to 
be taken to protect the banks from tlie action of the current. 
2d, Those to prevent inundations of the surrounding country. 
3d, The removal of bars, elbows, and other natural obstructions 
to navigation. 4th, The means to be resorted to for obtaining a 
suitable depth of water for boats, of a proper tonnage, for the 
trade on the river. 

742. Means for protecting the banks. To protect the banks, 
either the velocity of the current in-shore must be decreased so 
as to lessen its action on the soil ; or else a facing of some ma- 
terial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle dcclivit3^ The simplest plan for tliis purpose con- 
sists either in planting such shrubbery on the dechvity as will 
thrive near water ; or by driving down short pickets and interla- 
cing them with twigs, forming a kind of wicker-work. These conr 
structions break tlve force of the current, and diminish it^ velocity 
near the shore, and thus cause the water to deposite its finer par- 
ticles, which gradually fill out and strengthen the banks. If the 
banks are high, and are subject to cave in from the action of the 
current on their base, they may be either cut down to a gentle 
declivity, as in the last case ; or else they may receive a slope 
of nearly 45°, and be faced with dry stone, care being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laid in alternate layers. 

743. Measures against inundations. At the points in the 
course of a river whefe inundations are to be apprehended, the 
water-way, if practicable, should be increased ; all obstructions 
to the free discharge of the water below the point should be re- 
moved ; and dikes of earth, usually termed levies, should be 
raised on each side of the river. By increasing the water-way a 
temporary improvement only will be effected ; for, except in the 
season of fresnets, the velocity of the current at this point will be 
so much decreased as to form deposites, which, at some future 
day, may prove a cause of damage. In confining the water be- 
tween leveesi two methods have Ibeen tried ; the one consists in 
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leaving a water-way strictly necessary for th^ discharge of fresh 
ets ; the other in giving t^e stream a wide bed. The ro in Italy 
and the Mississippi present examples of the 'ormer method ; the 
effect of whicn in both cases has been lo laise the bed of the 
stream so much that in many parts the water is habitually above 
the natural surface of the country, leaving it exposed to serious 
fnundations should the levees give way. The other method 
/las been tried on the Loire in France, and observation has 

S)roved that the general level of the bed has not sensibly risen 
or a long series of years ; but it has been found that the bars, 
which are formed after each freshet, are shifted constantly by 
the next, so that when the waters have subsided to their ordinary 
state, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new channels at the ex- 
posed points, or building dams above them to keep the water 
back ; but they have all been found to afford only a temporary 
relief. 

744. Elbows. The constant wear of the bank, and shifting 
of the channel towards the cDncave side of elbows, have led to 
various plans for removing the inconveniences which they pre- 
sent to navigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termed u^iVig"- 
J4jmsj from the concave side into the stream, placing them either 
at right angles to the thread of the current, or obliquely down 
«tr<^sun, so as to deflect the current towards the opposite shore 




Fig. 174— Represeuts a .section of tho timber wiog-damaon the Po, formed of plank naOdd 

on the inclined pieces of the ribs. 
ob and be, incUned faces of Uie dam, the fiivt making an angle of 63o, and the 96C0M 

of 230 with the horizon. 
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f and g, iiorizoutal pieces oonneeting the ribi. 
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Wing-dams are usually constructed either of blocks of stone 
')f crib-work formed of heavy timbers filled in with broken stone 
or of alternate layers of gravel and fascines. Within a few years 
back, wing-dams, consisting simply of a series of vertical frames, 
or ribs, (Fig. 174,) strongly connected together, and covered on 
the up-stream side by thick plank, which present a broken in- 
clined plane to the current, the lower part of which is less steep 
than the upper, have been used upon the Po, with, it is stated, 
complete success, for arresting the wear of a bank by the cur- 
rent. These dams are placed at some distance above the point 
to be protected, and their plan is slightly convex on the up-stream 
side. 

Wing-dams of the ordinary form and construction are now 
regarded, from the experience of a long series of years on the 
Rhine, and some other rivers in Europe, as little serviceable, if 
not positively hurtful, as a river improvement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the current against flie side of the dam causes 
whirls and counter-currents, which are found to undermine the 
base of the dam, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream, near the dam, by the debris 
borne along by the current after it passes the dam, giving very 
frequently a more tortuous course to the channel than it had na- 
turally assumed in the elbow. The best method yet found of 
arresting the progress of an elbow is to protect the concave bank 
by a facing of dry stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving them the slope they 
naturally assume when thus thrown in. 

745. Elbows upon most rivers finally reach that state of de- 
velopment in which the wear upon the concave side, from the 
action of the current, will be entirely suspended, and the regi- 
men of the river at these points will remain stable. This state 
will depend upon the nature of the soil of the banks and bed, 
and the character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yards, preserve a fixed regimen ; and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly faced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cutting across the tongue of 
land that forms the convex bank of the elbow, and turning the 
water into a new channel. It has generally been found that the 
stream in time forms for itself a new bed of nearly the same char 
acter as it originally had 

747. Bars. To obtain a sufficient depth of water over bars, 
the deposite must either be scooped up by machinery, and be 
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eonveyed away, or be removed by giving an increased velocity 
to the current. When the latter plan is preferred, an artificial 
channel is formed, by contracting the natural way, confining it 
between two low dikes, which should rise only a little above the 
ordinary level of low water, so that a sufficient outlet maybe left 
for the water during the season of freshets, by allowing it to flow 
over the dams. 

If the river separates into several channels at the bar, dams 
should be built across all except the main channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main channel is 
confined, should be placed as nearly as practicable in the direc 
tion which the channel has naturally assumed. If it be deemed 
advisable to change the position of tne channel, it should be shift- 
ed to that side of the bed which will yield most readily to the 
action of the current. 

748. In situations where large reservoirs can be formed near 
the bar, the water from them may be used for removing it. Foi 
this purpose an outlet is made from the reservoir, in the direction 
of the bar, which is closed by a gate that turns upon a vertical 
axis, and is so arranged .that it can be suddenly thrown open to 
let ofi" the water. The chase of water formed in this way jsweep- 
ing over the bar will prevent the accumulation of deposites upon 
it. This plan is frequently resorted to in Europe for the removal 
of deposites that accumulate at the mouth of harbors in those lo- 
calities where, from the height to which the tide rises., a great 
head of water can be obtained in the reservoirs. 

749. In the improvement of the mouths of rivers which empty 
into the sea through several channels, no obstruction should be 
placed to the free ingress of the tides through all the channels. 
n the main channel is subject to obstiuctions from deposites, 
dams should be built across the secondary channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction firom the gates, while the 
ebb-tide, causing the gates to close, will be forced to recede 
through the mam channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be eflected by building dams without inlets across 
the secondary channels, giving them such a height that at a cer- 
tain stage of the flood-tide, the water will flow over them, and 
fill the channels above the dams. The portion of water thus 
dammed in will be forced through the main channel at the ebb. 

760. When the bed is obstructed by rocks, it may be deepened 
lij blasting the rocks, and removing the fragments with the as- . 
fistaiice of the diving-bell, and other machinery. 

44 
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751. In some of our rivers, obstructions of a very dangerous 
character to boats are met with, in the trunks of' large trees 
which are imbedded in the bottom at one end, while the other is 
near the surface ; they are termed snags and sawyers by the 
boatmen. These obstructions have been very successfully re 
moved, within late years, by means of machinery, and by pro- 
pelling two heavy boats, moved by steam, which are connected 
by a ctrong beam across their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it 
Other obstructions, termed rafts, formed by the accumulation of 
drift wood at points of a river's course, are also found in some 
of our western rivers. These are also in process of removal, by 
cutting through tliem by various means which have been found 
successful. 

752. Slack" Water Navigation. When the general depth of 
water in a river is insufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement, termed 
slack-water, or lock and dam navigation, is resorted to. This 
consists in dividing the course into several suitable ponds, by 
forming dams to keep the water in the pond at a constant head ; 
and by passing from one pond to another by locks at the ends of 
the dams. 

753. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will generally be advisable to place the dams at the widest 
parts of the bea, to obtain the greatest outlet for the water over 
the dam. The dams may be built either in a straight line be- 
tween the banks and perpendicular to the thread of the current, 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the convex surface being up stream, or it 
may be a broken line presenting an angle up stream. The tliree 
last forms offer a greater outlet than the first to the water that 
flows over the dam, but are more liable to cause injury to the 
bed below the stream, from the oblique direction which the cur- 
rent mjy receive, arising from the form of the dam at top. 

75 1 . The cross section of a dam is usually trapezoidal, the 
face up-stream being inchned, and the one down-stream either 
vertical or inclined. When the down stream face is vertical, the 
velocity of the water which flows over the dam is destroyed by 
the shock against the water of the pond below the dam, but 
whirls are formed which are more destructive to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all cases the sides and bed of the stream, for some 
distance below the dam, should be protected from the action of 
the current by a facing of dry stone, timber, or any other con- 
struction of sufficient durability for the object in view. 
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755. The dams should receive a sufficient height only to 
maintain the requisite depth of water in the ponds for the pui 
poses of navigation. Any material at hand, offering sufficient 
durability against the action of the water, may be resorted to in 
their construction. Dams of alternate layers of brush and gravel, 
with a facing of plank, fascines, or dry stone, answer very well, 
in gentle currents. If the dam is exposed to heavy freshets, to 
shocks of ice, and other heavy floating bodies, as drift-wood, it 
would be more prudent to form it of dry stone entirely, or of 
crib-work filled with stone ; or, if the last material cannot be ob- 
tained, of a solid crib-work alone. If the dam is to be made 
water-tight, sand and gravel in sufficient quantity may be thrown 
in against it in the upper pond. The points where the dam joins 
the banks, which are termed the roots of the dam, require par- 
ticular attention to prevent the water from filtering around them. 
The ordinary precaution for this is to build the dam some dis 
tance back into the banks. 

756. The safest means of communication between the ponds 
is by an ordinary lock. It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficiently l^igh to prevent them from being overflowed 
by the heaviest freshets, when the height to which the freshets 
rise is great, the leaves of the head gates should be formed of 
two parts, as a single leaf would, from its size, be too unwieldy ; 
the lower portion being of a suitable height for the ordinary man 
oeuvres of the lock ; the upper, being used only during the fresh- 
ets, are so arranged that their bottom cross pieces shall rest, 
when the gates are closed, against the top of the lower portions. 
An arrangement somewhat similar to this may be made for the 
tail gates, when the lifts of the locks are great, to avoid the diffi 
culty of manoeuvring very high gates, by permanently closing 
the upper part of the entrance to the lock at the tail gates, either 
by a wall built between the side walls, or by a permanent frame- 
work, below which a sufficient height is left for the boats to pass. 

757. A common, but unsafe method of passing firom one pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and cldsed by means of a 
gate revolving on a vertical axis, which is so arranged that it can 
be manoBuvi^ed with ease. One plan for this purpose is to divide 
the gate into two unequal parts by an axis, and to place a valve 
of such dimensions in the greater, that when opened the surface 
against which the water presses shall be less than that of the 
smaller part. The play ol the gate is thus rendered very simple ; 
when the valve is shut, the pressure of water on the larger 8ur« 
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face closes it against the sides of the sluice ; when the T?'Te it 
opened, the gate swings round and takes a podtion in the ilire ra- 
tion of the current. Various other plans for flishing, on similir 
principles, are to be met with. 

758. When the obstruction in a river cannot be overcome by 
any of the preceding means, as for example in those considerable 
descents in the bed known as rapids, where the water acquires 
a velocity so great that a boat can neither ascend nor descend 
with safety, resort must be had to a canal for the purpose of 
uniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
' of the river. In some cases it may occupy a part of the bed by 
forming a dike in the bed parallel to the bank, and sufficiently far 
from it to give the requisite width to the canal. Whatever posi- 
tion the canal may occupy, every precaution should be taken to 
secure it from damage by freshets. 

759. A lock will usually be necessary at each extremity of the 
canal where it joins the river. The positions for the extreme locks 
should be carefully chosen, so that the boats can at all times en- 
ter them with ease and safety. The locks should be secured by 
guard gates and other suitable means from freshets ; and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their removal eithdr by a chase of water, or by ma- 
chinery. 

If the river should not present a sufficient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depth requisite. 

It may be advisable in some cases, instead of placing the ex- 
treme locks at the outlets of the canal to the river, to form a ca- 
pacious basin at each extremity of the canal between the lock 
and river, where the boats can lie in safety. The outlets from 
the basins to the rivers may either be left open at all times, or 
else guard gates may be placed at them to shut off the water 
during freshets. 
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SEACOAST IMPROVEMENTS. 

760/ Thb following subdivisions may be made of the work* 
belonging to this class of improvements. 1st. Artificial Road- 
steads. 2d. The works required for natural and artificial Har- 
bors. 3d. The works for tne protection of the seacoast against 
the action of the sea. 

761. Before adopting any definitive plan for the improvement 
of the seacoast at any point, the action of the tides, currents, and 
waves at that point must be ascertained. 

762. The theory of tides is well understood ; their rise and 
duration, caused by the attraction of the sun and moon, are aUo de- 
pendent on the strength and direction of the wind, ahd the confor- 
mation of the shore. Along our own seaboard, the highest tides 
vary greatly between the most southern and northern parts. At 
Eastport, Me., the highest tides, when not afiected by the wind, 
vary between twenty-five and thirty feet above the ordinary low 
water. At Boston they rise from eleven to twelve feet above 
tlie same point, under similar circumstances ; and from New- 
York, following the Hne of the seaboard to Florida, they seldom 
rise above five feet. 

763. Currents are principally caused by the tides, assisted, in 
some cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps along the coast, secondary 
currents proceed into the bays^ or indentations, in a line more or 
less direct, until they strike some point of the shore, from which 
they are deflected, and frequently separate into several others, 
the main branch following the general direction which it had 
when it struck the shore, and the others not unfrequently taking 
an opposite direction, forming what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as whirlpools. The action of currents 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
thus forming, and sometimes removing, natural obstructions to 
navigation. These continual changes, caused by currents, make 
it extremely difficult to foresee their effects, and to foretell the 
consequences which will arise from any change m the directioui 
or the intensity of a current, occasioned by artificial obstacles. 

764. A good theory of waves, which shall satisfactorily ex* 
plain all their phenomena, is still a desideratum in science. It 
m known that tney are produced by vinds acting on the surface 
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of the gea ; but how tar this action extends below the surface 
and what are its effects at various depths, are questions that re* 
main to be answered. The most commonly received theory is^ 
that a wave is a simple oscillation of the water, in which each 
partide rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this tlieory that it 
(ails to explain many phenomena observed in connection with 
waves. 

In a recent French work on this subject, its author, Colonel 
Emy, an engineer of high standing, combats the received theory ; 
and contends that the particles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, each particle de- 
scribing an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just below them, and these a^ain 
to the next, and so on downward, the intensity decreasing from 
the surface, without however becoming insensible at even very 
considerable depths ; and that, in this way, owing to the reaction 
from the bottom, an immense volume of water is propelled along 
the bottom itself, with a motion of translatfon so powerful as to 
overthrow obstacles of the greatest strength if durectly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a very great batir at the base, and that 
this batir should be gradually decreased upward, until, towards 
the top, the wall ^should project over, thus presenting a concave 
surface at top to throw the water back. By adopting this form, 
he contends that the mass of water, which is rolled forward, as 
it were, on the bottom, when it strikes the face of the wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engineers, 
who have had opportunities to observe the same phenomena, on 
the ground that they are not supported by facts ; and the question 
still remains undecided. It is certain, from experiments made 
by the author quoted upon walls of the form here described, that 
they seem to answer fully their intended purpose. 

765. Roadsteads. The term roadstead is applied to an in- 
dentation of the coast, where vessels may ride securely at an- 
chor under all circumstances of weather. If the indentation is 
covered by natural projections of the land, or capes^ from the 
action of the winds and waves, it is said to be land-locked ; in 
the contrary case, it is termed an open roadstead. 

The anchorage of open roadsteads is often insecure, owmg to 
violent winds setting into them from the sea, and occasioning 
iiigh waves, which are very straining to the moorings. The 
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remedy applied in this case is to place an obstruction, near the 
entrance oi the roadstead, to break the force of the waves froir 
the sea. These obstructions, termed breakwaters, are artificial 
islands of greater or less extent, and of variable form, accordins 
to the nature of the case, made by throwing heavy blocks ol 
stone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modern times, 
was the one at Cherbourg in France, to cover the roadstead in 
front of that town. After some trials to break the effects of the 
waves on the roadstead by placing large conical shaped struc- 
tures of timber filled with stones across it, which resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of forming a breakwater by throw- 
ing in loose blocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action of the sea on the exposed surface is not very sensible 
at this locality at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some of which do not average over 40 lbs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one perpendicular 
to one base. From this point upwards, and particularly between 
the levels of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks of several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 
part of the surface has been exposed the blocks of stone have 
oeen gradually worn down by the action of the waves, and the 
slope has become less and less steep, from year to year, until 
finally the surface assumed a slightly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this work has conclusively shown 
that breakwaters, formed of the heaviest blocks of loose stone, 
are always liable to damage in heavy gales when the sea breaks 
over them, and that the only means of securing them is by cov 
enng the exposed surface with a facing of heavy blocks of ham 
mered stone carefully set in hydraulic cement. 

As the Cherbourg breakwater is intended also as a milit&ry 
construction, for the protection of the roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 175) has been adopt- 
ed for it. Profiting by the experience of many years' observation, 
't was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
top surface of the breakwater is covered with heavy loose blockf 
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of Stone, and the foot of the wall on the face is protected by 
large blocks of artificial stone formed of beton. The top of the 
battery is about 12 feet above the highest water level. 
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Fig. 175— Represents a section of the Cherbourg breakwater. 

A, nia«i of stone. 

B, battery of masonry. 

The next work of the kind was built to cover the roadsfead of 
Plymouth in England. Its cross section was, at first, made with 
an interior slope of one and a half base to one perpendicular, and 
an exterior slope of only three base to one perpendicular ; but 
from the damage it sustained in the severe tempests in the 
winter of 1816-17, it is thought that its exterior slope was too 
abrupt. 

A work of the same kind is still in process of construction on 
our coast, off the mouth of the Delaware. The same cross sec- 
tion has been adopted for it as in the one at Cherbourg. 

All of these works were made in the same way, discharging 
the stone on the spot, from vessels, and allowing it to take its 
own bed, except for the facing, where, when practicable, the 
blocks were carefully laid, so as to present a uniform surface to 
the waves. The interior of the mass, in each case, has been 
formed of stone in small blocks, and the facing of very large 
blocks. It is thought, however, that it would be more prudent 
to form the whole of large blocks, because, were the exterior to 
suflFer damage, and experience shows that the heaviest blocks yet 
used have at times been displaced by the shock of the waves, the 
interior would still present a great obstacle. 

From the foregoing details, respecting the cross sections of 
breakwaters, which from experiment have been found to answer, 
the proper form and dimensions of the cross section in similar 
cases may be arranged. As to the plan of such works, it must 
depend on the locality. The position of the breakwater should 
be chosen with regard to the direction of the heaviest swells from 
the sea, .nto the roadstead, — the action of the current, and that 
of the waves. The part of the roadstead which it covers should 
afford a proper depth of water, and secure anchorage for vessels 
of the largest class, during the most severe storms ; and vessels 
ihould be able to double the breakwater under all circumstances 
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of Wind and tide. Such a position should, moreover, be chosen 
that diere will be no liability to obstructions being formed within 
the roadstead, or at any of its outlets, from the change in tha 
current which may be made by the breakwater. 

766. The difEculty of obtaining very heavy blocks of stone, 
oS well as their great cost, has led to the suggestion of substitu 
ting for them Mocks of artificial stone, formed of concrete, which 
can be made of any shape and si«e desirable. This plan has 
been tried with success in several instances, 7)articu]arly in a 
jetty or mole, at Algiers, constructed by the French government. 
The belon for a portion of this work was placed in large boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irregularities of the bottom on which the beton was to be 
spread. The bottom of the box was made of strong canvass tar- 
red. These boxes were first sunk in the position for which they 
were constructed, and then filled with the beton. 

767. Harbors. The term harbor is applied to a secure an- 
chorage of a more limited capacity than a roadstead, and there- 
fore offering a safer refuge during boisterous weather. Harbors 
are either natural^ or artifidal, 

768. An artificial harbor is usually formed by enclosing a 
space on the coast between two arms, or dikes of stone, or of 
wood, termed j'^ttie^, which project into the sea from the shore, 
in such a way as to cover the harbor from the action of the wind 
and waves. 

769.' The plan of each jetty is curved, and the space enclosed 
by the two will depend on the number of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or lieads, of the jetties, wliich forms the 
mouth of the harbor, will also depend on local circumstances ;. 
it should seldom be less than one hundred yards, and generally 
need not be more than five hundred. There are certain winds 
at every point of a coast which are more unfavorable than others 
to vessels entering and quitting the harbor, and to the tranquil- 
lity of its water. One of the jetties should, on this account, be 
longer than the other, and be so placed that it will both break 
the force of the heaviest swells from the sea into the mouth of 
♦he harbor, and facilitate the ingress and egress of vessels, by 
preventing them from being driven by the winds on the other, 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and construction of a stone jetty differ 
in nothing from those of a breakwater, except that the jelty is 
usually wider on top, thirty feet being allowed, as it serves fw 
a wharf in unloading vessels. The head of the jetty is usually 
made circular, and considerably broader than the other parts, «i 
' t, in some instances, receives a lighthouse, and a battery of can- 

45 
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non. It should be made with great care, of large blocks of stone 
well united by iron, or copper cramps, and the exterior courses 
should moreover be protected by fender beams of heavy timber, 
to receive the shock of floating bodies. 

771. Wooden jetties are lormed of an open firame work of 
heavy timber, the sides of which are covered on the interior by 
a strong sheeting of thick plank. Each rib of the frame 
(Fig. 176) consists of two inchned pieces, which form the sides 




Fig. 176— Represents a croas section of a wooden Jetty. 

a, foundation piles. 

6, inclined side pieces. 

e. middle upright. 

a, cross pieces ooited in pain. 

«, struts. 

m, bugitudinal pieces bolted in pain. 

0, parapet. 

—of an upright centre piece, — ^and of horizontal clamping pieces, 
which are notched and bolted in pairs on the inclined and upright 
pieces ; the inclined pieces are farther strengthened by struts, 
which abut against them and the upright. The ribs are con- 
nected by large string-pieces, laid horizontally, which are notched 
and bolted on the inclined pieces, the uprights, and the clamping 
pieces, at their points of junction. The foundation, on wnich 
this framework rests, consists usually of three rows of large 
piles driven under the foot of tlie inclined pieces and the uprights. 
The rows of piles are firmly connected by cross and longituoinal 
beams notched and bolted on them ; and they are, moreover, 
firmly united to the framework in a similar manner. The inte- 
rior sheeting does not, in all cases, extend the entire length of 
die sides, but open spaces, termed clear-^tDays^ are often jeft, U 
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STe a fiee passage and spread to the waves confined between 
e jetties, for the purpose of forming smooth water in the chan 
nel. If the jetties are covered at their back with earth, the cleai 
ways receive the form of inclined planes. 

I'he foundation of the jetties requires particular care, espe- 
cipJly when the channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ; and, if it be deemed necessary, the bottom of 
the entire channel may be protected by an apron of brush and 
loose stone. 

The top of the jetties is covered with a flooring of thick plank, 
which serves as a wharf. A strong hand railing should be 

5 laced on each side of the flooring as a protection against acci- 
ents. The sides of jetties have been variously inclined ; the 
more usual inclination varies between three and four perpendicu- 
lar to one base. 

772. Jetties are sometimes built out to form a passage to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the chan- 
nel from deposites. But at the head of the jetties a bar will, in 
almost every case, be found to accumulate, from the current 
alon^ shore, which is broken by the jetties, and from the dimin- 
ished velocity of the ebbing tides at this point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adverted to for river improvements. The 
reservoirs are formed by excavating a large basin in-ahore, at 
some suitable point from which the collected water can be di- 
rected, with its full force, on the bar. The basin will be filled 
at flood-tide, and when the ebb commences the sluice gates will 
be kept closed until dead low water, when they should all be 
opened at once to give a strong water chase 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, large basins, termed weU 
docksy are formed, in which the water can oe kept at a constant 
level. A wet-dock may be made either by an in-shore excavation, 
or by enclosing a, part of the harbor with strong water-tight walls ; 
the nrst is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. With the first method vessels can enter 
the basin only at high tide ; by the last they may be entered or 
passed out at any period of the tide. The outlet of the lock 
should be provided with a pair of guard gates, to be shut agaimf 
very high tides, or in cases of danger from storms. 
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774. The construction of the locks for basins differs in nothir^ 
in principle, from that pursued in canal locks. The greatest 
care will necessarily be taken to form a strong mass free from all 
danger of accidents. The gates of a basin-lock are made convex 
towards the head of water, to give them more strength to resist ' 
the great pressure upon them. They are hung and manoeuvred 
differently from ordinary lock gates ; the quoin-post is attached 
to the sidfe walls in the usual way : but at the foot of the mitre- 
post an iron or brass roller is attached, which runs on an iron 
roller way, and thus supports that end of the leaf, relieving the 
collar of the quoin-post from the strain that would be otherwise 
thrown on it, besides giving the leaf an 'easy play. Chains are 
attached to each mitre-post near the centre of pressure of the 
water, and the gate is opened, or closed, by means of windlasses 
to which the other ends of the chains are fastened. 

775. The quays of wet-docks are usually built of masonry. 
Both brick and stone have been used ; the facing at least should 
be of dressed stone. Large fender-beams may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cioss section of quay-walls 
should be fixed on the same principles as that of other sustaining 
walls. It might be prudent to add buttresses to the back of the 
wal. to strengthen it against the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by form- 
ing a facing of heavy round or square piles driven in juxtaposition, 
which are connected by horizontal pieces, and secured from the 
pressure of the earth filled in behind them by land-ties ; or, by 
placing the pieces horizontally upon each other, and securing 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or rubbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our Eastern 
seaports. It consists in making a kind of crib-work of large 
blocks of granite, and filling in with earth and stone rubbish. 
The bottom course of the crib may be laid on the bed of the 
river, if it is firm and horizontal ; in the contrary case a strong 
grillage, termed a cradle, must be made, and be sunk to receive 
the stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of the bed, in 
order that when the stones are laid they may settle horizontally. 

777. Dikes, To protect the lowlands bordering the ocean from 
inundations, dikes, constructed of ordinary earth, and faced to- 
wards the sea with some material which will resist the action of 
the current, are usually resorted to. 

The Dutch dikes, by means of which a large extent of country 
has been reclaimed and protected from the sea, are the most re 
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luarkable struGtiTes of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at top averaging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varying, according 
to circumstances, between three and twelve base to one perpendic- 
ular. The top of the dike, for perfect safety, should be about 
six feet above the level of the highest spring tides, although, in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is left, which answers for a road. The exterior slope is va- 
riously faced, according to the means at hand, and the character 
of the current and waves at the point In some cases, a strong 
straw thatch is put on, and firmly secured by pickets, or other 
means ; in others, a layer of fascines is spread over th& thatch, 
and is strongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them with twigs ; 
the spaces between this wicker-work being filled with broken 
stone ; this forms a very durable and strong facing, which resists 
not only the action of the current, but, by its elasticity, the shocks 
of the heaviest waves. 

The foot of the exterior slope requires peculiar care for it 3 
protection ; the shore, for this purpose, is in some places cover- 
ed with a thick apron of brush and gravel in alternate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section has been given to the dikes towards the sea, of the same 
form as the one which the shore naturally takes from the action of 
the waves. The dikes in other respects are constructed and fiaced 
after the manner which has been so long in practice in Holland. 

778. Groins. Constructions, termed groins^ are used when- 
ever it becomes necessary to check the efiect of the current 
along the shore, and cause deposites to be formed. These are 
artificial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendicular 
to that of the shore, or oblique to it. They are constructed ei- 
ther of clay, which is well ranuned and protected on the surface 
by a facing of fascines or stones ; or of layers of fascines ; or of 
one or two rows of short piles driven in juxtaposition ; or any 
gtlier means that the locality may furnish may be resorted to ; 
the object being to interpose an obstacle, which, breaking the 
force of the current, will occasion a deposite near it, and thufl 
gradually cause the shore to gain upon the sea. 
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779. Sea-walls, When the sea encroaches upon the land 
forming a steep bluff, the face of which is gradual^ worn away 
a wall of masonry is the only means that will afford a permanent 
protection against this action of the waves. Walls made for this 
object are termed sea-walls. The face of a sea-wall should be 
constructed of the most durable 8t9ne in large blocks. ' The 
backing may be of rubble or of beto i. The whole work should 
be laid with hydraulic mortar. 
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NoU A to Arts. Framing and Bridges* 

TSdnUar Frames of Wrought Iron. — Except for the obvious application to 
■team boilers, sheet iron had not been considered as suitable for structures 
demanding great strength, from its apparent deficiency in rigidity; and 
although the pcinciple of gaining strength by a proper distribution of the 
material, and of giving any desirable rigidity by combinations adapted to the 
object in view, were at every moment acted upon, from the ever-increasing 
demands of the art, engineers seem not to have looked upon sheet iron as 
suited to such purposes, until an extraordinary case occurred which seemed 
about to baffle all the means hitherto employed. The occasion arose when it 
became a question to throw a bridge of rigid material, for a railroad, across 
the Menai Straits; suspension systems, from their flexibility, and some actual 
failures, being, in the opinion of the ablest European engineers, unsuitable for 
this kind of communication. 

Robert Stephenson, who for some years back has held the highest rank 
among English engineers, appears, from undisputed testimony, to have been 
the first to entertain the novel and bold idea of spanning the Strait by a tube 
of sheet iron, supported on piers, of sufficient dimensions for the passage 
within it of the usual trains of railroads. The preliminary experiments for 
testing the practicability of this conception, and the working out the details of 
its execution, were left chiefly in the hands of Mr. William Fairbairn, to whom 
the profession owes many valuable papers and &cts on professional topics. 
This gentleman, who, to a thorough acquaintance with the mode of conducting 
such experiments, united great zeal and judgment, carried through the task 
committed to him ; proceeding step by step, until conviction so firm took the 
place of apprehension, that he rejected idl suggestions for the use of any 
auxiliary means, and urged, from his crowning experiment, reliance upon the 
tube alone as equal to the end to be attained. 

Numerous experiments were made by him upon tubes of circular, elliptical, 
and rectangular cross section. The object chiefly kept in view in these 
experiments was, to determine the form of cross section which, when the tube 
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WB8 flubmitted to a cross strain, would present an equality of resistance in tiie 
parts brought into compression and extension. It was shown, at an early 
stage of the operations, that the circular and elliptical forms were too weak in 
Jie parts submitted to compression, but that the elliptical was the stronger of 
he two ; and that, whatin er form might be adopted, extraordinary means would 
be requisite to prevent the parts submitted to compression from yielding, by 
** puckering ^ and doubling. To meet this last difficulty, the fortunate expedient 
was hit upon of making the part of the main tube, upon which the strain of 
compression was brought, of a series of smaller tubes, or cells of a curved or 
a rectangular cross section. The latter form of section was adopted definitively 
for the main tube, as having yielded the most satisfactory results as to resist- 
ance ; and also for the smaller tubes, or cells, as most easy of construction and 
repair. 

As a detail of each of these experiments would occupy more space than can 
be given in this work, that alone of the tube which gave results that led to the 
forms and dimenaions adopted for the tubular bridges subsequently constructed, 
will be given in this place. 

Model Tube,-^The total length of the tube was 78 fL The distance, or 
bearing between the points of support, on which it was placed to test ila 
strength, was 75 ft Total depth of the tube at the middle, 4 ft 6^ in. Depth 
al each extremity, 4 ft Breadth, 2 ft. 8 in. 

The top of the tube was composed of a top and bottom plate, formed of 
pieces of sheet iron, abutting end to end, and connected by narrow strips 
riveted to them over the joints. These plates were 2 ft Hi in. wide. They 
were 6^ in. apart, and connected by two vertical side plates, and five interior 
division pUtes, with which they were strongly joined by angle irons, riveted 
to the division plates, and to the top and bottom plates where they joined. 
Each cell, between two division plates and the top and bottom plates, was 
neariy 6 in. wide. The sides of the tube were made of plates of sheet iron 
mmilarly connected ; their depth was 3 ft 6i in. A strip of angle iron, bent 
»o a curved shape, and running from the bottom of each end of the tube to the 
top just below the cellular part, was riveted to each side to give it stiffness. 
Besides this, precautions were finally taken to stiffen the tube by diagonal 
braces within it The bottom of the tube was formed of sheets, abutting end 
to ena, and secured to each other like the top plates ; a continuous joint, 
running the entire length of the tube along the centre line of the bottom, was 
secured by a continuous strip of iron on the under side, riveted to the plates 
on each side of the joint The entire width of the bottom was 2 ft 11 in. 

The sheet iron composing the top cellular portion was 0'147 in. thick ; that 
of tbe sides 0099 in. thick. The bottom of the tube at the final experiments, 
to a distance of 20 ft on each side of the centre, was composed of two thkk* 
nesses of sheet iron, each 025 in. thick, the joints being secured by strips 
abdve and below them riveted to the sheets ; the remainder, to the end of the 
tnbe^ was formed of sheets 0*156 in. thick. 

The total area of sheets composing the top cellular portion was 24024 in.; 
that of the bottom plates at the centre portion, 22*460 in. 
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Tlie general dimensions of the tube were one sixth those of the proposed 
Btructare. Its weight at the final experiment, 13,020 lbs. 

The experiments, as already stated, were conducted with a view to obtain 
an equality between the resistances of the parts strained by compression and 
tliose extended ; with this object, at the end of each experiment, the parts 
torn asunder at the bottom were replaced by additional pieces of increased 
strength. 

The following table exhibits the results of the final experiments. 



Na ofExparlinents. 


Weight in lb>, DeflAcUoBin 


1 


30,006 


0*66 


2 


35,776 


0-78 


8 


48,878 


1-12 


4 


624274 


1-48 


6 


77,634 


1-78 


6 


92,299 . 


212 


7 


103,350 


2-38 


8 


114^60 


2-70 


9 


132,209 


306 


10 


138,060 


3*23 


11 


143,742 


3-40 


12 


148,443 


3-68 


13 


163,027 


3-70 


14 


157,728 


3-78 


16 


161,886 


3-88 


16 


164,741 


3-98 


17 


167,614 


410 


18 


171,144 


4-23 


19 


173,912 


4-33 


SO 


177,088 


i-47 


SI 


180,017 


4-66 


22 


183,779 


4-62 


23 


186,477 


4-72 


24 


189,170 


4-81 


26 


192,892 





The tube broke with the weight in the 25th experiment; the cellular top 
yielding by puckering at about 2 ft from the point where the weight was 
applied. The bottom and sides remained uninjured. 

The ultimate deflection was 489 in. 



Britannia Thdndar Bridge. — ^Nothing further than a suoeiiict description of 
this marvel of engineering will be attempted here, and only with a view of 
showing the arrangement of the parts for the attainment of the proposed end. 
Tt differs in its general structure from the model tube, chiefly in having the 
bottom formed like the top, of rectangular cellsi and in the means taken for 
giving stifihess to the rides. 
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The total distance spanned by the bridge is 1489 ft This is livided into 
four bays, the two in the centre being each 460 ft., and the one at each end 
230 ft. each. 

The tube is 1524 ft. long. Its bearing on the centre pier is 45 ft ; that on 
the two intermediate 32 ft ; and that on each abntment 17 ft. 6 in. The 
height of the tube at the centre pier is 30 ft. ; at the mtermediate piers 27 ft ; 
and at the ends S3 ft This gives to the top of the tube the shape of s 
parabolic curve. 




Fig. l^IUpreMiita % vertieal oroM Mctica of the Britaiuda Bridfs. 

At interior of bridge. 

h, cells of t<^ oellalar beam. 

Cf oeUs of bottom cellnlar beam. 

•, top plates of top and bottom beams. 

bf bottom plates of top and bottom beams. 

c, division plates of top and bottom beams. 

d and e, stripe riveted over the joints of top and boCtoir plataa. 

o, angle irons riveted to a, &| and e. 

ff plates of sides of the tnbe A, 

h exterior T irons riveted orer rertical joints of jr. 

«i' interior T irons riveted orer rertical joints of g, ind bent at the anglea ctAfWm 

be7<md the second cell of the top beam, and bej md the lint of the boCtooi beta. 
9, tnangnlar pieces on each side of i, and riToted to thai 
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The cell alar top (Fig. 1) is divided into eight cells B, by division plates c, 
eonnected with the top a, and bottom (, by angle irons o, riveted to tiie plates 
connected. The different sheets composing the plates a and b abut end t^ 
end lengthwise the tube ; and the joints are secured by the strips d and e^ 
riveted to the sheets by rivets that pass through the interior angle 
irons. 

The sheets of which this portion is composed are each 6 ft long, and 
1 ft 9 in. wide ; those at the centre of the tube are ijths of an inch thick : 
they decrease in thickness towards the piers, where they are ijths of an inch 
thick. The division plates are of the same thickness at the centre, and 
decrease in the same manner towards the piers. The rivets are 1 in. thick, 
and are placed 3 in. apart from centre to centre. The cells are 1 ft. 9 in. by 
1 ft. 9 in., so as to admit a man for painting and repairs. 

The cellular bottom is divided into six cells C, each of which is 2 ft. 4 in. 
wide by 1 ft 9 in. in height To diminish, as far as practicable, the number 
of joints, the sheets for the sides of the cells were made 12 ft long. To give 
sufficient strength to resist the great tensile strain, the top and bottom plates 
of this part are composed of two thicknesses of sheet iron, the one layer 
breaking joint with the other. The joints over the division plates are secured 
by angle irons o, in the same manner as in the cellular top. The joints 
between the sheets are secured by sheets 2 ft 8 in. long placed over them, 
which are fastened by rivets that pass through the triple thickness of sheets 
at these points. The rivets, for attaining greater strength at these points, are 
in lines lengthwise of the cell. The sheets forming the top and bottom plates 
of the cells are I'^ths of an inch at the centre of the tube, and decrease to iVbs 
at the ends. The division plates are I'ths in the middle, and jV^b at the ends 
of the tube. The rivets of the top and bottom plates are !{ in. in diameter. 



Fig. a. 




Fig S— Represents a horixoatal eross saetioB of the T irons ami side plates. 

D, croM section near centre of brldfs. 

£, cross section near the piers. 

g, plates of the sides. * 

A, exterior T Irons. 

i, Interior T irons. 

The sides of the tube (Fig. 2) between the cellular top and bottom are 
formed of sheets g, 2 ft wide ; tiie lengths of which are so arranged that 
tnere are alternately three and four plates in each pannel, the sheets of each 
pannel abutting end to end, and forming a contiruous vertical joint between 
the adjacent pannels. These vertical joints are secured by strips of iron, 
k and if of the T cross section, placed over each side of the joint, and 
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rlamping the sheets of the adjacent pannels between them. The T iront 
within and without are firmly riveted together with 1 in. rivets, placed at 
3 in. between their centres. Over the joints, between the ends of the sheets 
in each pannel, pieces of sheet iron are placed on each side, and connected by 
rivets. The sheets of the pannels at the centre of the tube are i^tha of an 
inch thick; they increase to iSths to within about 10 ft of the piers, where 
their ihickness is again increased ; and the T irons are here also increased in 
thickness, being composed of a strip of thick sheet iron, clamped between 
strips of angle iron which extend from the top to the bottom of the joints. 
The object of this increase of thickness, in the pannels and T irons at the 
piers, is to give sufficient rigidity and strength to resist the crushing strain at 
these points. 

The T irons on the interior are bent at top and bottom, and extended as 
far as the thu^i cell from the sides at top, and to the second at bottom. The 
projecting rib of each in the angles is clamped between two pieces, Tt, of sheet 
iron, to which it is secured by rivets, to give greater stiffness at the angles of 
the tube. 

The arrangement of the ordinary T irons and sheets of the pannels is 
shown in cross section by D, Fig. 2 ; and tha^ of the like parts near the piers 
by E, same Fig. 

For the purpose of giving greater stiffness to the bottom, and to secure 
fastenings for the wooden cross sleepers that support the longitudinal beams 
on which the rails lie, cross plates of sheet iron, half an inch thick, and 10 in. 
in depth, are laid on the bottom of the tube, from side to side, at every fourth 
rib of the T iron, or 6 fL apart These cross plates are secured to the bottom 
by angle iron, and are riveted also to the T iron. 

The tube is firmly fixed to the central pier, but at the intermediate piers and 
the abutments it rests upon saddles supported on rollers and balls, to allow 
of the play from contraction and expansion by changes of temperature. 

The following tabular statements give the details of the dimensions, weights^ 
Slc, of the Britannia Bridge. 



Total length of each tube 

** ** oftabeiforeaehlfaie... 

Greatest span of bav 

Height oT tabes at the middle 

** ** Intenaediate piers. 



Extreme width of tabes 

Nnmberofrivetsinone tabe 

Computed weight of tube S74 ft. long 

*' '* 3 tabes S74 ft long.. 

•* ** 1 tabe 479 ft long... 

" " 3 tabes 472 ft loox 

** ** I tabe over pier 3SR. long 



Total weight.. 



Feet 



Plates 



1594 

3048 

400 

30 

37 

83 

Hi 

883.000 



450 

1350 

965 

81J05 

64 

64 



Angle 
Iron. 



100 
337 
188 
564 

S6 
S6 



T 
Iron. 



70 
310 
130 
417 
10 
10 
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Rivet 
iron. 



60 
180 
108 
334 

7 
7 



Cast 

iron 



Total. 



sooo 



680 
9067 
1400 
4300 
107 
107 
9000 

10[57O 
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Formula for reducing the Breaking Weight of Wrought Iron Tubes. 

Representing by A, the total area in inches of the cross section of the metal. 
<* ** (2, the total depth in inches of the tube. 

*^ ** 7, the length in inches between the points of support 

** ** C, a constant to be determined by experiment 

" ** W,the breaking weight in tons. 

Then the relations between these elements, in tubes of cylindriea], ellipdeai 
and rectangular cross section, will be expressed by 

The mean value for C for cylindrical tubes, deduced from seven! experi- 
ments, was found to be 13*03; that for elliptical tubes, 15*3; and that for 
rectangular tubes, 21*6. 
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Note B to Art Rcadt. 

Plank'Roads, — A road coyering, consisting of thick boards, or planki, 
resting on longitudinal beams, or sleepers, and known as Plank-Roads^ has^ 
within the past few years, been introdnced among us ; and from its adaptation 
to our uncleared forest districts, its superior economy to the ordinary road 
eoverings in such localities, and its intrinsic merits, as fulfilling the requisite! 
of a good road covering, is rapidly coming into extensive use throughout all 
parts of oar country. 

Fig A 

_ r iM II! Tr^BmM& imn r 



J^v^ 



IJL 



¥ 



Flfi i/f— Reprataati a erow-MctUMb 

Fig. J9— A pUn of a plank road. 

a a, board lurlkce. 

h *, sllto. 

C| ramnier road. 

4 d, side iiir&ea dralai. 



The method most generally adopted in constructing plank-roads consists in 
laying a flooring, or track, eight feet wide, composed of boards from nine to 
twelve inches in width, and three inches in thickness, which rest upon two 
parallel rows of sleepers, or sills, laid lengthwise of the road, and having their 
centre lines about four feet apart, or two feet from the axis of the read. Sills 
of various sized scantling have been used, but experience seems in favor of 
scantling about twelve inches in width, four inches in thickness, and in lengths 
of not less than fifteen to twenty feet Sills of these dimensions, laid flatwise, 
and firmly embedded, present a firm and uniform bearing to the boards, and 
distribute the pressure they receive over so great a surface, that, if the soil 
Bpon which they rest is compact and kept well drained, there can be but little 
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■ettling and displacement of the road surface, from the asua] loads passing 
over it The better to secure this uniform distribution of the pressure, the 
sills of one row are so laid as to break joints with the other; and to 
prevent the ends of the sills from yielding tiie nsua. precaution is taken to 
place short sills at the joints, either beneath the main sills, or on the same 
level with them. 

The boards are laid perpendicular to the axis of the road, experience having 
shown that this position is as favorable to their wear and tear as any other, 
and is otherwise the most economical. Their ends are not in an unbroken 
line, but so arranged ijiat the ends of every three or four project alternately, 
on each side of the axis of the road, three or four inches beyond those next to 
them, for the purpose of presenting a short shoulder to the wheels of 
vehicles, to facilitate their coming upon the plank surface, when from any 
cause they may have turned aside. On some roads the boards have been 
spiked to the sills; but this is, at present, regarded as unnecessary, the 
stability of the boards being best secured by well packing the earth between 
and around the sills, so as to present, with them, a uniform bearing surface to 
the boards, and by adopting the usual precautions for keeping the Hubsoil well 
drained, and preventing any accumulation of rain water on the surface. 

The boards for plank-roads should be selected from timber free from the 
usual defects, such as knots, shakes, &c., which would render it unsuitable 
for ordinary building purposes ; as durability is an essential element in the 
economy of this class of structures. So far as experience has furnished data, 
boards of three inches in thickness offer all the requisites of strength and 
durability that can be obtained from timber in its ordinary state, in which it is 
used for plank-roads. 

Besides the wooden track of eight feet, an earthen track of twelve feet in 
width is made, which serves as a summer road for light vehicles, and as a turn 
out for loaded ones ; this, with the wooden track, gives a clear road surface of 
twenty feet, the least that can be well allowed for a frequented road. It is 
recommended to lay the wooden track on the'right hand side of the approach 
of a road to a town, or village, for the proper convenience of the rural traffici 
as the heavy trade is to the town. The surface of this track receives a croM 
slope from the side towards the axis of the road outwards of 1 in 32. The 
surface of the summer road receives a cross slope in the opposite direction of 
1 in 16. These slopes are givcTi for the purpose of facilitating a rapid surface 
drainage. The side drains are placed for this purpose parallel to the axis of 
the road, and connected with the road surface in a suitable slope. 

Where, from the character of the soil, good summer roads cannot be had, 
it will be necessary to make wooden turn outs, from space to space, to 
prevent the inconvenience and delay of miry roads. This it is proposed to 
do by laying, at these points, a wooden track of double width, to enable 
vehicles meeling to pass each otter. It is recommended to lay these turn 
outs on four or five sills, to spring the boards slightly at the centre, and spike 
their ends to the exterior sills. 

The angle of repose, by which the grade of plank-roads should be rega- 
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Iftted, has not yet been detennined by experiment; but as the wooden anrfaee 
ia coyered with a layer of clean sand, fine gravel, or tan bark, before it is 
thrown open to vehicles, and as it in time becomes covered with a permanent 
stratum of dust, &c., it is probable that this angle will not materially differ 
from that on a road with a broken stone enrface, like the one of McAdam, or 
of Telford, when kept in a thorough state of repair. 

Id some of the earlier plank-roads made in Canada, a width of sixteen feet 
was given to the wooden track,. the boards of which were laid upon four or 
^ve rows of sills ; experience soon demonstrated that this was by no means 
an economical plan, as it was found that vehicles kept the centre of the wooden 
surface, which was soon worn into a beaten track, whilst the remainder was 
but slightly impaired. This led to the abandonment of the wide track for the 
one now usually adopted, which answers all the ends of the wants of travel, and 
is much more economical, both in the first outlay and for subsequent renewals. 

The great advantages of plank-roads over every other kind, in a densely 
wooded country, for the rural traffic, are so obvious, that, did not experience 
teach us by what mere accidents, apparently, improvements of the most 
important kind have been suggested and carried into effect, it might be a 
subject of astonishment that they had not been among the first to be intro- 
duced, after a trial of the old corduroy road, so generally resorted to in th^ 
sariy stages of road-making in this eovntry. 
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JVbte C to ArU, 441 and 442. 



MeOiods of detcribing Curves composed of Arcs of Circles, — Tl« span and 
rise of an arch being given, together with the directions of the tangents to the 
enrve at the springing lines and crown, an infinite number of curves, composed 
of arcs of circles, can be determined, which shall satisfy the conditions of form- 
ing a continuous curve, or one in which the arcs shall be consecutivelj 
tangent to each other, and such that those at the springing lines and the 
trown shall be tangent to the assumed directions of the tangents to the curve 
at those points. To give a determinate character to the problem, in each 
particular case, certain other conditions must be imposed, upon which th« 
solution will depend. 

When the tangents to the curve at the springing lines and crown are 
respectively perpendicular to the span and rise, the curve satisfying the above 
general conditions will belong to the class of oval or basket-handle curves; 
when the tangents at the springing lines are perpendicular to the span, and 
those at the crown are oblique to the rise, the curves will belong to the class 
of pointed or obtuse curves. 

In the class of ovals, when the rise is not less than one third of the span, 
the oval of three centres will generally give a curve of a more pleasing form 
to the eye than one of a greater number of centres ; when the rise is less than 
a third of the span, a curve of five, seven, or a greater odd number of centres 
will give, under this point of view, a more satisfactory solution. In the 
pointed and obtuse curves the number of centres is even, and is usually 
restricted to four. 

Three Centre Curves. To obtain a determinate solution in this case it will 
be necessary to impose one more condition, which shall be compatible with 
the two general ones of having the directions of the tangents at the springing 
lines and crown fixed. One of the most simple, and at the same time 
admitting of a greater variety of curves to choose from, is to assume the radius • 
of the curve at the springing lines. In order that this condition shall be com^ 
patible with the other two, the length assumed for this must lie between zero 
and the rise of the arch ; for were it zero there would be but one centre, and 
«f taken equal to the rise the radius of the curve at the crown would be 
infinite. 

Let A D (fig. A) be the half span, and A C the rise. Hdving prolonged C .4 
indefinitely, take any distance less than A C, and set it cfffrom D to R, along 
AD ; and from C to P, along A C. Join R and P, which distance bisect by a 
perpendicular. Prolong the perpendicular, to intersect the indefinite prolongs 
ation of C A. Through this point of intersection S, and the point R^ draw an^ 
Indefinite line. From J2, as a centre, with the radius R D, describe an arc,* 
which prolong to Q to intersect S R prolonged. From 5, as a centre, with the 
radius S Q, describe an arc, which, from the construction, must pass through 
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the point C, and be tangent to the first arc at Q. The centres R and S, thni 
determined^ and the curve D D C dedaced from them, will eatiBfy the imposed 
oonditions. 




Fig. A. 

The two following constmctions, from their simplicity and the agreeabit 
form of curve which they produce, are in frequent use. The first consists in 
imposing the condition that each of the three arcs shall be of 60^; the second, 

that the ratio — between the radii of the arcs at the crown and springing line 

shall be a minimum. 

To construct the curve satisfying the former condition, let A JB be the 
half span, and A C the rise. With the radius A B describe A a of 90^,— set 
off on it B 6 s 60°,— draw the lines a b, b B and A ft, — ^from C draw a 
parallel to a ft, and mark its intersection c with ft B, — from cdraw a parallel to 
A 6, and mark its intersections N and O with A B, and C A prolonged. From 
iV with the radius N B describe the arc B c, — from O with the radius O c 
describe the are C c. The curve B c C will be the half of the one satisfying 
the given •conditions ; and N and O two of the centres. 



To constract the curve satisfying the second condition, or d I 



Let 



dr 

A D be the h«lf span,— A C the rise. Draw D C, and from C set off on it 
C d^ C a, equal to the difference between the half span and rise. Bisect 
the distance D dhy 9^ perpendicular, which prolong to intersect D A, and 
C A prolonged, at R and <S, — from these points, as centres, with the radii 
B I> and ;S Q, describe the arcs D Q and Q C; and the curve DQ C will 
be the half of the one required. 

The analysis, from which the ab< ve result is obtained, ia of a very simple 
ehaneter ; for designftting by B » 5 C the greater radios, by rmtRD the 
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Mterr-by ass AD the half apan, and by 5 = A C the riae, then reaalt% 
from the right aogled triangle SAR, 

8«'^ASP+ AR\ 
or 

(R-r)««(«-6)«+(«-r)% 
from whieh b abtaiaed 



r (2* — 2r)r 

DifferentiatlLf thia ezjc^aaioii, and placing ita fint diffiBvential co* 



'(?) 



efficient equal to zero, or making — - — b 0, there veaolta, after the terma 
are reduced. 



a« + y — (< — ft) yTg' + 5*_^a» + b* 



Z'^^;-^— ^ b,* 



K Dd^ hence the giren conatmc- 



Sa a 

\/tf» + 6« « DC, and i/tf« + 6* — (« — 6) 

tion for the centrea required. 
By comparing the two melhoda joat eiqilatned, for the aame span and riae, 

H will be aeen that the former givea a eur?e in whieh the lengtha of the area 

differ leaa tbaa in the latter, and whieh ia therefore more agreeable to (be 

eye. 

Obkue 4md Pointed Curves of Four 
Centres. — lAt A jB be the half 
tpanr— A C the rise of the required 
curve, — and C D the direction of the 
tangent to it at the crown. At C 
draw a perpendicular to C D. Take 
any point li on A jB, auch that R B 
ahall be leaa than the perpendicular 
R b, from R upon the tangent C D. 
From C, on the perpendicular to 
C A ut off C i, equal to tfaa 
aaanmed distance R JB,— draw R dt 
and bisect it by a perpendicular,— 
which prolong to interaect the one 
from C at the point 9,— through 8 
and R draw a line,— from A, with the 
radius R B, describe an arc, whieb 
prolong to Q, to interaect the line 
through 8 and Ri— from 8 with the 
fl^^ radius 8 Q, describe an arc, whieh 

will betangenlto the fcat at Q^ and pass through C. The eurre BQC 

wDl be the half of the one roquired to aatiafy the given conditiona. 
The amUogy between this M>natruction and the one first given for three 
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eentre ennres will be readOy seen by comparing the eoDslractions for the two 
Five Centre OvtU Curves^ <(«. When the rise is leM than one third of the 
span, it is found that oval corves of a pleasing shape cannot be obtained by 
using only three centres, and fiye, or a greater odd number of centres must bo 
resorted ta Besides the two general conditions common to all ovals, a 
greater number of particular ones must be imposed, as the number of centres 
is increased, restricting them within the limits of compatibility with each other 
and with the two common to all. By imposing, for example, on the oval of 
five centres, the conditions that the radii of the two consecutive arcs from the 
springing line shall be assumed as the particular conditions, a very simple 
construction, analogous to the one for ovals of thiee centres, will show the 
limits within which these must be restricted, not to interfere with the others 
that are common to all. Without stopping to illustrate this by an example, 
which will present no difficulty to any one tolerably conversant with the 
elements of geometry to make out alone, a more general netbod will be giveUf 
applicable alike to all curves of this class. 

The half span and rise being given, let it 
be required to determine an oval of five 
centres with the particular conditions, that 
the radii of the consecutive arcs, from the 
springing line towards the crown, shall be 
in an increasing geometrical progression, — 
in which case the curvatures of the area 
will be in a decreasing geometrical pro- 
gression — and the lengths of the consecutive 
arcs shall increase in a given ratio. Desig- 
nate the half span AB by p (Fig. C), the 
rise by 9, — the ratio of the radii by m, — 
the ratio of the arcs by n, and the number 
of degrees in the arc at the springing line 
by a. Suppose the centres O, P and Q 
found, and draw PS perpendicular to AB, 
—and PR perpendicular to BC produced. 
The radii OA, PE and QD will be re- 
presented respectively by r, rm, and rm\ — 
and the angles AOE, EPD, and D(iC, 
between them by 

n , n" 

BOW, from the properties of* the figure, the 
Ibllowing equations are obtained 

r^c « + «^ + «^90» ... (A) 







«90» 
(B) 
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From the right angle triangle OPS, and PQJ2, there resnlta, 
OS = OP COS. a = (rm — r) cos. a ; 
PS = OP Bin. a = (rm— r) am. a; 

PiJ = PQco8.(a + a~ + (rm* — rw) coa. (a + «^) ; 

QR^PQ Bin. /« + a^\ as (m*— n») sin. (a + a—\ ; 
by aubatitaUng these valaea in eqnationa (B) and (C), there reavlta, 
pssr < l + (m — l)co8.a+ (m'—m) cos. ^p^\ al (E) 

a^r <fiiP— (m— 1) ain.a— (m*— m) ain. /^lt?\ ^l. (p) 
and by reduction, equation (A) lieeomea, 

The eqnationa (£), (F) and (G) ezpreaa, therefore, the relatione which aub- 
aiat between the aiz qnantitiea f , q^r^a^m and n when the impoaed conditiona 
are aatiafied. Let three of theae qnantitiea aa m, n and r be aaanmed, the 
otliera will be found from the three equationa in question ; that ia the apan, 
riae, and number of degreea in the arc at the aprin^g line, which correspond 
to the given valuea. 

From the aolution here given, the ratio of f to 9 or ~ ia found ; but aa the 
riae and apan are uanally a part of the data, this ratio -^ may be different 

neceaaary to aaaume new valuea for the qnantitiea m, fi, and r, and find the 

p 
corresponding valuea of j», f, and a, until the ratio -^ ia equal to, or nearly the 

sameaa — . When a auitable aj^vozimation haa been obtained, it will be 

easy to find a curve which shall differ but little fh>m the required one, and 

h 
whoee half apan and rise shall have the required ratio — ^. * 

To elfeet this, let « be the quantity which must be added to p and ^ 
respe c tively, to make their ratio 4ve same aa that of ^ to c; tlila condition will 
be expressed by the equation. 
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e q + 3^ 
from whiob there nenlte 

"'^1 (H) 

if now this quantity be set off from Aio M (Fig. C)» and from C to iV, and 
a new curve AN be deflcribed from the same centree O, P and Q, it will be 
parallel to the curve A C, whose half apan and rise are p and 9, and the half 
span BM, and riee BiV, will have the same ratio as ^ to c To pass from thia 
eurve to a similar one, described on the given half span 5, and rise e» it will be 
only necessary to multiply each line of the figure QPOMN by the ratio 

b 

or, Bubatituting for x its value, as determined in equation (H), by 



shice the figures being similar, their homologous lines are proportional, or, for 
example, 

p + x:h.:OMi'-^OM; 

which will give the line, corresponding to OJIf, in the figure of which i is the 
half span, and c the rise. 

The method here explained may be applied to any number of centres, but 
where the rise is less than one-fourth of the span, an oval of five eentres will 
be found to answer fully all the required conditions. 

There are other methods of describing the oval of five, or a greater number 
of centres, which are ratlier more simple for calculation than the general 
method Just given. 

By assuming, fkt example, the greatest and smallest radii within suitable 
limits, the intermediate radius may receive the condition of being a mean 
proportional between these two ; or designating it jyr x, there will result 
X K ^jRXr; — R being the greatest radius, and r the least Having found x, 
the position of the intermediate centre P is found, by describing an are from 
Q with a radius A— «, and another fh>m O with a radius »— r, and taking 
their point of intersection P. 

A similar process might be followed for an oval of seven centiea, by finding 
the two intermediate terms of a geometixal progression, of which r and R an 
the two extiemea. 
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Noie D to Arts. 270, 4«^ on tke Strength ^MaieriaU. 

Fla$Hcliy and Cohesion^ and their Measure. — ^To arrive at somewhat definita 
notions on the subjects of the elas^city, and the tenacity or cohesion of solid 
bodioR, and the measure of the resistance which they respectively offer to any 
extraneous force that tends to disturb the natural state of equilibrium of the 
elementary particles of which these bodies are composed^ and thereby call into 
play their elasticity and cohesion, it may be well to give a brief summary of 
the hypotheses now most generally received among writers on physics upon 
these points; and to show in what manner the relations between the dis- 
turbing forces and their effects can be represented geometrically. 

The hypotheses now generally admitted are that bodies are composed of 
elementary molecules, each of which consists of atoms grouped together in 
definite numbers or proportions according to simple and regular natural laws ; 
that the positions of the atoms of any molecule, with respect to each other, 
cannot be so far displaced by any ordinary extraneous force as to modify 
their arrangement, external forth, ^ mechanical properties ; that the element- 
ary molecules, separated from each other by greater or lesser distances, as 
compared with their own dimensions, exert a reciprocal attraction, which varies 
in intensity not only with their distances apart, but afso with their relative 
positions, and that the tendency of this reciprocal attraction is to cause the 
molecules to group themselves according to regular laws; that, in the natural 
state of equilibrium of the molecules, the forces of attraction are balanced by 
the forces of repulsion of the interposed caloric, but that these forces may be 
brought into play by any extraneous force which tends to disturb the natural 
state of equilibrium of ihe molecules, either by its tendency to separate them, 
or to press them together, until they have assumed a new position of stable 
equilibrium under the combined efiect of all the forces in action. 

To account for the state of equilibrium of the molecules under the action of 
the forces of attraction and repulsion alone, it is supposed that the atoms of 
caloric repvl each other at all distances, but with a force that decreases very 
rapidly in intensity as the distance between the molecules increases ; — that the 
atoms of caloric on the contrary are attracted by the molecules of different 
bodies with varying intensities, and which causes them to collect around these 
molecules, so as to surround each one with a kind of atmosphere of caloric 
that decreases in density from the centre outwards, until it attains an intensity 
equal to that of the surrounding medium ; — that, when two molecules of a 
body are brought so near each other as to be within the sphere of these forces 
of attraction and repulsion, the force by which they are repellcKi is simply that 
between the atoms of calorie, whilst the one by which they are attracted to 
eaeh other is composed of the mutual attraction of theur matter, and of the 
attraction of the atoms of the caloric composing the atmosphere of tlie one for 
the matter of the other ^-Anally, that the hitensities of these forees of attn^ 
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tion and repulsion decrease very rapidly as the distance between th« 
molecules is increased, and so as to become null, or insensible at distances 
which are appreciable by the senses. 

Admitting then the hypothesis, that, in the ordinary atate of equilibrium of 
solid bodies, the molecules are preserved in their relative positions by a force 
of attraction and one of repulsion which l>alance, or destroy each other, and 
that when the distance at which they are kept apart in this state is either 
increased or decreased by an extraneous force, acting in the line o/ direction 
between their centres, the force of attraction, or that of repulsion will be 
called into action, the. one or the other being in excess, as the extraneous force 
tends to separate or press together the molecules, the extraneous force itself 
measuring this excess, it will be easy to represent these conditions of equili- 
brium generally, and to express the law by which these various forces are 
eonnected. 




NoTB.— The points of tntor»ctloii of the 
th9 curve Kie niaflud tbu o* thOM of 
onllRKies fLnd tui|Bati thu * 



To do this let A X, and A Y (Fig. A), be taken as the rectangular axes of a 
tor ve f^ y^ y"i ^.i the abscissas of which, as A x, A a:', A a;^, &x^, represent 
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the respective distances apart of two molecules, and the corresponding ordin« 
ntes xy^x'y't x" jf^'y Ac, the corresponding values of the forces of repulsion, 
and let 2, 2^ %", &c, be a second curve having the same abscissas as the firsti 
and for its ordinates xz^ x^s^^ x ' a/^ &c., which represent the values of the 
forces of attraction corresponding to the distances apart of the molecules, A x, 
Kx* dus. These two curves should intersect at some point, as d, which 
•orresponds to the natural state of equilibrium of the two molecules, in which 
theur distance apart is A a, and the forces of repulsion and attraction, repre- 
sented by the ordinate a 6, are equal. From the common point &, towards the 
axis A Y, the two curves should approach rapidly this axis, without however 
ever meeting it, since matter is impenetrable, and in this part the forces of 
repulsion represented by the ordmates x y, &c., will be greater than those of 
attraction, represented by the ordinates x Zy &c To the right of the point d, 
the curves will recede from each other making the ordinates x «, &c, greater 
than the corresponding ones x y, dec, until some distance hxf' between the 
.nolecules is reached, when the difference zf' y between the corresponding 
.rdinates is a maximum, and from which point the curves will again approach 
4aeh other, to intersect at a second point ^, having the common ordinate a' b*^ 
vhere the forces are again in equilibrium, and beyond which, to the right, that 
'.f repulsion again exceeds the one of attraction. If, beyond this point 6^, the 
force of repulsion still continues the greater, the curves will separate more and 
more, and will approach the axis A X without ever attaining it, so that at 
some distance A X/, infinitely great with respect to the one A a, corresponding 
to the natural state of equilibrium, the corresponding ordinates Xi £|, and Xgyg^ 
will be infinitely small with respect to the one a h. 

Examining no*y what takes place m the vicinity of the point 6, when the 
natural state of equilibrium is slightly disturbed by any extraneous force, it 
will be observed that when the force acts to increase the primitive distance 
A a between the molecules, so as to make M Ka'\' ax* tor example, then the 
length \/7f^s.j:»xf — x^yf will represent the value of this force, and is the 
intensity of the resistance offered by the force of attraction to the displace- 
ment axf oi the molecule. In like manner, it will i^p^ that x y measures 
the intensity of the force of repulmon to an extraneous force that would dii^ 
place the molecule the distance ax. It will be farther observed, on an 
examination of the curves, that the measure of the intensity of the resistance, 
offered by the force of attraction to the displacement of the molecule, will 
gradually increase with the displacement, untU it attains a mATimnm state 
^/riy/i/, corresponding to the displacement Ax"', from which point it will 
decrease to the pomt ^, the new position of equilibrium of the molecules. 

From what has been thus far stated, a clear idea may be formed of the 
elastic resistance offered by the two molecules to any force wluch tends to dis- 
place them from their state of natural equilibrium, and the law between this 
resistance and the corresponding displacement within the range of elastioity. 
For let any extraneous force be applied to separate or bring together the two 
molecules, the intensity of thb force being less than the mi^Timnm resistance 
^^ s"', its effect will be to change the distance between the moleenlei, until 
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they have gained a new pontion, where all the foreet will be agafai in eqnt 
librium. Let this position be the one eorreaponding to A a:' for example ; now 
■o long ati the eztianeoua force acta, the molecules will retain their respective 
positions apart, A and a:'; if the extraneons force be suddenly withdmwn the 
molecules will approach each other to regain their primitive distance apart 
A 0, with a certam velocity, which velocity, or rather the livmg force accu- 
mulated, will cause the molecules to approach nearer to each other than the 
distance A a, passing which the force of repulsion will be brought into play« 
and by its resistance, having destroyed the living force gained, will cause the 
molecules to recede from each other, creating in turn a certain amount ot 
living force, and they will thus contmue to oscillate between their primitive 
positions until they are finally brought to rest with respect to each other 
in it by extraneons resistances. 

If a tangent be drawn to each of the curves y, y", &«., and 2, z^ ^e^ at their 
eommon point b, these tangents will, like the curves, intersect at b, and will 
each coincide with its corresponding curve, for a greater or smaller distance on 
each side of the point k Now, if any distances a «^ ax"^ dtc^ be taken on 
each side of a, and be considered infinitely small with respect to Ao, the 
primitive distance apart of the molecules, the portions of the ordinates to the 
curves as n' </, n'' o'^ at these points, intercepted between the tangents, will 
be equal to the portions of the same ordinates intercepted between the curvesi 
as the curves and their tangents are taken as coincidinn: along the portions 
corresponding to a a: , a x", dus. The intercepted portions of the ordinates^ 
with the portions of the tangents, as 6 n', & n'', intercepted between them and 
the point 6, will form' similar triangles, from which is readily deduced that the 
portions of the intercepted ordinatea are proportional respectively to the cor- 
responding distances a x', a x*'j dtc ; or, in other words, that the forces with 
which the molecules attract, or repel each other, for infinitely amall displace- 
menta, as compared with the primitive distance of natural equilibrium, are 

proportional to the displacements. But since the ratio — -r- = — -^, between 

the portions of the ordinates intercepted between the tangents and the co^• 
responding displacement is constant, it may be taken to express the numerical 
value of the resistance offered by the molecules, in their position of natural 
equilibrium, to the infinitely small displacements in which the tangents coin- 
cide with the elements of the curve ; which amounts to saying, that, for 
mfinitely small displacements of the molecules of a body, the value of the 
elastic force remains sensibly constant 

It will be readily seen, from an examination of Fig. A, that, in proporUon aa 
the two curves approach more nearly to coincide with the ordinate a 6, the 
angle between the tangenta will be the smaller, and the distances axf^as^f 
&c., vrili also be the smaller, as compared with the corresponding parts of tha 
ordmates ti o\ n" 0", dtc., intercepted between the tangents; and the elastii 
reaatance, or rigidity of the molecules, measured by the constant ratie 

^-^, will be the greater. 
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SMiihn hetwem ihe EU^gmitmy &r Ckmpre n um, and the F^irce, or SffYra^ 
^ which it is eausedt in the use of a rod, or bar of a given cross seciion, the 
foroe acting infihe direction of ike length if the bar. 

Let fh6 original length of the hai be represented by L; the 
area of its cross section by A; by W the force acting in the 
direction of the length of the bar ; which force, regarding the weight 
of the bar as inconsiderable with respect to W, may be considered 
as a weight suspended from the lower end of the bu* ; and by I the 
elongation of L due to W. Now whether the bar be supposed to 
conust of as many parallel fibres as there are equidistant molecules 
in the section A, each fibre being of the length L, or whether it 
be supposed divided into a number of infinitely thin slices of the 
same thickness, to the extremities of each of which a force W is so 
applied that its effort will be uniformly distributed over each element 
of the area A of the slice ; it will be apparent, from a moment's 
consideration, that the resistance offered by the bar to elongation 
will be independent of its length, and propoitional to the number of 
fibres, or to the area A ; that the elongations of the different portions 
of the length of the bar, arising from the action of W, will be 
p. - directly proportional to their original lengths, so that the total 
elongation will be proportional to the total length of the bar ; and the 
reeifitance arising from elaaticity will be measured, as in the case of the dis- 
placement of two molecules, by the ratio between the very small and propor- 
tional displacement of two molecules of the same fibre, and the force by which 
this displacement is produced. 

As L is the original length, and I the total elongation, the proportional 
elongation, or that which takes place for each foot, or other unit in which L is 

expressed, is represented by the fraction y » >, and is the same for erery 

fibre of the bar. The measure of the elastic resbtance therefore will be 

W 

— . Representing by E the measure of the elastic resistance on a unit of the 

surface A, the measure of the total resistance on this smftce will be EXA. 
From this is obtained the relation 

^ «E X A; orW»EA A:«£Ai-.; 

from which W or Z may be found when the other i» knowm 
By making A equal to unity of area, and /» L, the above relation becomes 

W as E. In other words, E is the force which implied to a bar, the area of the 

cross sections of which being unity, would elongate the bar a quantity equal to 

its original length. This quantity E is termed by writers the coegicientf or 

ihe fnodtUus of elasticity. 
The reasoning here used for the drcumstsaeee of elongation will eqnAJy 

apply, from what preeedea, to the cmo of the ahoHening of a her by « fsfoe df 

MMnpression* 
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To fend the reUUions between the elongation and strain uhen ike weight eftki 
bar is taken into coneideration. 

Represent by L the original length, before elongation, Of a bar AB 
(Fig. B) ; by 0? the length A C of any portion of it, estimated from A ; hy dx 
an element of the part x; by W the weight suspended at B; and by to tiM 
nnit of weight of the material of the bar. 

The weight of the portion of the bar B C, and which tends to elongate the 
part A C above it, will be expressed by 

(L — ar)toA; 
the total force, or strain, acting at the point C, will therefore be expressed by 

W+(L — :c)wA; 
and the effect of this strain on the ^lene^t, vepvosepied in length by dx 
will be, from the preceding propop'tir i, to pio4aP9 an elopgation expressed 
by 

W + ;L - jc) wL _ 

ea"" — ^'' 

tlie total length of the el'jmenl dx %A\i elongation will theieface be 

rfr+ EA ^' 

Liiegrating this expr^s^n o<riw»en the limits^ bo and « mLi thece obtaiui 
VVL4-lirL«A 

for the total leng^^ t*, ^ a Lar alter elongation. 

Relaivm% &«(trsei« lA^ F<>roe, or Strain applied to a 6ar, or nodt (^ a given cross 
section^ and th4 l^n^X <fcM of the bar when rupture ensues; the strain being 
paraUd tn 1>£ dtrv^on cfthe length of (he bar, ^ 

The priiAclpai resnita of experiments on the resistance offered by materials 
to mptnre from a strain acting either to compress, or tear asnnd^ the par- 
Hcles, thus callmg into play the tenacity, or their resistance to compression, 
■lave been so fully given, that but little remains to be said here farther than to 
show the effect produced by the weight of the material itself, in modifying the 
Ntrain arising from any external force ; also the manner in which the form of 
ihe bar may be so modified as to make it most suitable to resist the strain 
arising from this external force and its own weight combined. 

Suppose a bar of uniform cross section thoughout (Fig. B), the area of 
which is expressed by A, and its length A B by L, submiied to a strain 
erising from a weight W, suspended from B, and that of lis own weight, and 
let w represent the unit of weight of the material of the bar. Representing by 
R, the coefficient of rupture of the given material, — ^that is the strain that would 
tear asunder a bar of the same material, the area of the oiosa section of whibh 
la unity,— then the resistance offered by the bar A B will be tnrpronaod by 

RXA. 
tlie weight of the bsr itself will be expressed by 

h\w. 
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It 18 evident that the greatest strain on the bar, arismg from the combmed 
aetion of W and its own weight, will be at the point A, and will therefore bs 
expressed by 

W+LAw; 

and as the resistsnce offered by the tenacity of the bar mnst be equal to tfalt 
strain, there obtains 

RA = W + LAio 

to express the required relations. 

To show the manner in which the form of a bar may be so 
modified that the area of its cross section, at sny point, shall 
be just sufficient to resist the strain brooght upon the 
material at that point; let a b (Fig. C) be sach a bar the 
length of which is expressed by L; let sny portion of the 
length, as b c, be expressed by x ; let tc represent the unit 
of weight of the material of the bar ; W a weight suspended 
at its lower end; let the cross section of the bar, for 
example, at any point be a circle ; let r designate the radius 
as c d of the cross section at the point e ; f" the radius a m 
of the top section ; / the radius b n of the bottom section ; 
and J X the length of an element of the bar. 

The area of the cross section at c is v r*, sad as this 
area is supposed to vary from point to point the weight of a 
portion of the bar of which the length Is x will be expressed 
by 
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1^'dx; 



and the strain upon the seclaon at c, arismg from this weight and that of the 
suspended weight W, will be expressed by 

w lwr*dx+W; 

but as this strain must be just equal to the tenacity of the bar at e^ Mid m 
R X « r* represents its measure^ there obtains 

IT r» r"ia? + W = R X » r"; 

iifierentiating this expression, there results 

wHt^dx^^Hftrdr 
hmee 

dr to 



which integrated gires 



— =s-:r-<J»; 



I^g. r = — ar + C, 



which shows that the curve n dm, cut from the bar by a plane througti iSi 
centre, is a bgarithmio eurre. 

Without passing from the preeedfaig logarithmic expression to the equmdeoT 
numbers, equation 



caa be placed under tte fonn 

to/Aifar + WssBA 

by making v t* s A ; differentiating thia aa before^ there 
w\dx==RdA; 



and 



dA to , 



Inlegimtlng r in tirfa, between the linnfci t^ and r^y and edfing flie reepeetan 
areaa at theae pomta A' and A" ; and alao faitegntmf 9 between the linMi 
o nd L» then obtaina 

. A'' «_ 

^^•A = R^^ 
henee, paaahig to the equivalent nnmuera, 

but aa the atrahi on the aeetion A' ia W, there obtabs 

A'R«W,aadA'«^ 
Sabatitoting (Ua value of A% in the preeedmg equation (B), there obtafa» 

for the value of the area at the upper end of the ba& 
Aa the weight of any portion of the bar of the length x ia eyproaaed by 

wfAdx (D) 



and the value for any variable section, at the distance x from the lower ei4 
is found by anbatituting A for A'', and x for L in the equation (C) juat pvet 
ceding, the value of A ao found substituted m the expression (D) glvea 

10 





'f^y 


.i» 






and tMa ezpieaaion integrated between the Ihnita x^ 

_ ID « - 


bowbAm 
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whfeh ia die value of the weight of the entve 1 
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Relations bettceen a force proiucvng die rupture of a sdid body by a cross strain 
4m itsjlhresy and the resistances of compression and extension of the fibres pro* 
daeed by die action of the force. 



The effeet of a eroas straiD upon tke ibrea of a aolid body, aa a bar, or rociv 
eaaaed by the aetioa of a foroe, of which the line of direetion la either perpen- 
dieolar, or oblique to that of the fibrea, ia to deflect the aolid, brmgtng a atraln 
of extension upon the fibrea towards the convex aide, and one of compreasion 
on thoae towards the concaTO aide of the aolid. Separating the fibres which 
are elongated by the croaa strain from thoae which are eompreased, it is 
generally aaaumed that there exiats a layer of fibrea which ia not affected by 
the cross strain, and which, on that account, haa received from writera on thia 
aubject the name of the neutral Une^ or neutral axis of the solid. It ia a]ao 
generally assumed that when the deflection ia inconaiderable, the elongationa 
and diminutions in length of the extended and compressed fibrea which are at 
equal diatanoea on each aide of the neutral axia are equal, and that these 
ehangea in the original lengtha of the fibres are proportional to the diatancea 
of the fibrea from the neutral axis. It therefore follows from what precedea, 
that 80 long aa the elaaticity of the fibrea remains unimpaired under tiie action 
of the force, the reaiatances offered to elongation, or compreaaion, will be pro* 
portional to the diatancea of the fibros from the neutral axis. In the state of 
a aolid immediately bordering on rupture from the effecta of a cross atraic, it 
ia probable that the elnatic limits 'of the fibres which are farthest from the 
neutral line, both on the convex and concave aidea, are exceeded before they 
are reached by fibrea lying nearer to the neutral line, and that the resiatancea 
therefore are no longer atrictly proportional to the distances of the fibres from 
the neutral axia. But aa the hypothesis, that the elaaticity of the fibrea 
remaina unimpaired up to the moment of rupture, approachea more nearly the 
actual state of the question than any other, it haa been assumed by writera on 
thia subject aa the baaia of the theory from which the formulas, showing the 
relatione between the forcea, are obtamed, and a correction for the imperfec- 
tion of the results thua arrived 
at haa been aought, by compar- 
ing them with those obtained by 
direct experiment, and, by meana 
of this compariaon, deducing 
formulae more in accordance 
with the actual state of the case, 
and more auitable to practksd 
applieationa. 

Let ABC D (Fig. D) repre- 
sent a longitudinal section of a 
bar firmly faatened at the end D, 
and acted upon by a foroe W,at 
the end BCwlikhtenda to deflect the bac Let £ F be the position of the 
neutral axia, auppoaed to be KKOwn, and OP the Ime along which mptare la 





Fi|.». 




Fig. B. 
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. about to take place from the effect of W. Let the 
area comprised within the carved line (Fig. E) be 
the cross section of the bar at O P. Let A X repie- 
sent the position of the neutral axis on this cross 
section, and let this line, with the one AY drawn 
perpendicular to it at the point A, be taken as the 
coordinate axes to which all points of the cross section 
are referred. 
Represent by 
5, the breadth of the cross section estimated on AX ; 
d, the distance from AX and above it of the extreme fibre of the ctom 

section, or the one which is most elongated ; 
if, the distance from AX of the one most compressed ; 
X and y, the coordinates of any fibre, as o ; 
R, tJiC coefficient of rupture. 
The area of any fibre will be expressed hj dx X dy; and the resistance 
which the extreme fibre from A X offers at the instant of rupture will be 
expressed by 

"Rxdxdy. 

Now as the resistances offered by the fibres are proportional to their elonga- 
tions, or compressions, and as these last are proportional to the distances of 
the fibres from the neutral axis, it follows that d being the distance of the 
extreme fibre from AX, and y that of any other fibre, as o, from the same, the 
resistance offered by o will be expressed by 



■^Kxdxdy. 
d 



The total resistance offered by all the fibres will therefore be ezpreaied by 
the integral of this last expression, or by 



t/'^/^'^ 



In like manner the total resistance offered by the compressed fibres b 
expressed by 



^Jd.Jy8y 



Now assuming, at the instant of rupture, that the deflection of the solid is 
inconsiderable, and that the force W which causes it is perpendicular to the 
direction of the fibres, it follows that the conditions of equilibrium require that 
the algebraic sum of the forces in the direction of the fibres shall be equal to 
lero, and that the sum of the moments of all the forces with respect to tlM 
neutral line across the section at OP shall also be equal to zero. 

The first of these conditions will be expressed by 

-jj^jy ^y '^Tj^j^ ^^^^ ^^ 
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m the resistance to elongation offered by any fibre at the distance y from the 

R R 

neatral line h—dxdyy^ the moment of this resistance will be — dx dy i/^ 

and the sum of the moments of all the resistances to elongaLon will be 
expressed by 

Tn like manner the sum of the moments of the resistances to compression 



■jf^f^'y- 



Representing by z the perpendicular from OP upon the line of dvection of 
W; the moment of W with respect to the neutral line across OP will be 

Wz. 
To express therefore the second condition of equilibrium there obtains 

^JdxJlUy-^—JdxJ^/dy-^Wz^^o, (B) 

Representing by dA^dxdy the section of a fibre, or an element of the 
eross section cocresponding to it, the eq. (A) will take the form 

d cP 



r/.'^^-j/.^ 



which expresses the condition that the neutral line AX (Fig. K) drawn through 
the section of rupture passes through its centre of gravity. When the neutral 
line therefore divides the section of rupture symmetrically^ eq. (B) will take 
the form ^ ^ 



2^fdxffdy=.Wz (C) 



The sum of the two integrals in eq. (B), and the integral which forms the 
first member of eq. (C),havo received the name of the moment of rupture. The 
integration being affected by the usual rules for integrals of this form, the 
limits of X being taken between a; = o and x = ft, and y being either constant, 
or else a function of x, depending on the figure of the section of rupture, and 
its limits in the last case being y = o and y ^f(x), the resulting equation will 
express the relations between the dimensions of the solid and the force pro* 
ducing rupture, when the value of R has been suitably ascertained by 
experiment 
Before proceeding farther it will be well to effect the integrations for the 
moment of rupture, as expressed in eq. (C) for some of 
the more usual cases where the cross section has \mi* 
form dimensions throughout the entire length of the 
solid. 

Taking the case of a rectangular cross section (Fig. 
F) the breadth of which is represented by ft, and the 



4 



Fig f depth by J ss a d'^ the expression for the moment of 
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nipture becomes 



.5 /•!(? 



hl^I^'y-'' 



6* 



In the case of a circu-ar cross section, representing by r the radias «f tiM 
drele, the expression becomes 



2 



— X 2 / dar-^ sin.* 
r J 3 



Rirr" 
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In the case of a tube with a rectangolar cross sectfon (Fig. 
Gf), representing by h and d the breadth and depth of the exte- 
rior rectangle, and by b* and d^ the like parts of the interior 
rectangle which forms the hollow of the tube, the moment 
of nipture will be 

^ 6d ' 
and in that of a tube with a circular cross section, r and r* 
being the radii of the exterior and interior drdes, the 
expression becomes 



R 



4r 



In the case of a uniform cross section like (Fig. H), representing by h the 
entire breadth of the solid portion, and by d its depth : by 1/ the sum of the 
breadths of the rectangular voids on each side, and by d their depth, th« 
expression becomes, as in the case of a tube, 

hd^ — bfc^ 

^ — 65— 

The foregofng ^camples will serve to show the method 
of obtaining the moment of rupture in ail like cases of 
solid bars, or tubes with uniform cross sections where the 
neutral line divides the cross section symmetrically. 

Resuming the general expression (C), which shows 
the relations between W and the other quantities, and 
applying it to the case of a beam with a rectangnlar 
eross section of uniform dimensions, the lengtii of which 
AB, beyond the point where it is firmly fastened, is repre- 
sented by 2, the expression becomes 



CTi 



iV 



n. 



[hi 
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= WJ; 



(D) 
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wappomog the rnptare to take place, as is evident from the eq., it will in sndi 
a case, at AD. From this eq. there obtains 



W=R 



bcP 



for the weight which the beam will bear at the moment of niptare. 

If a beam is laid horizontally on two props, and a weight is placed npon it 
at the middle point between the props, the tendency of the beam to ruptnre 
will be at this point ; and the strain npon the beam from W will evidentiy bo 
the same as if the beam were firmly fixed at the middle point, and a force 
equal to i W were applied at the point where the beam rests upon one of the 
props, and in a direction contrary to that of W. Representing by I the di»- 
tance between the props, b the breadth, and d the depth of the rectangular 
eross section, d being estimated in the same direction as W, the preceding eq. 
(D) will take the form 

R5^ = iWxii = iWJ; 



oonsequently 



w-iR? 



It is firom experiments made npon beams ^f a rectangular seelion, laid hori- 
zontally upon two props, and broken by a weight placed upon them at the 
middle point between tiie props, that the quantity R has been determined for 
the different kinds of materials. Having determined R from a number of 
such experiments the value of W can be determined by calculation when the 
quantities 6, d, and I are known. 

K instead of a weight acting at a single point, a beam of rectangular cross 
section is strained by a weight uniformly distributed over its top surface, the 
conditions of equilibrium from which the relations between the weight and the 
dimensions of the beam are established will be expressed as follows 
Representing by to the weight on each unit of 
length of the beam, by dz (Fig. I) an elementary 
length of the solid at the distance x from the 
point where the solid is firmly fastened, and 
where the rupture will take place; then the 
wdgfat distributed over the element dz will be 
todzj and its moment with respect to the point 
of rupture will be todz x x. Calling the entire/ 
length of the solid 2, the moment of the entire 
weight distributed over its length will be 
sipressedby 



c 



T 



r%.i 



2 



HfurdM 



/■ 



wd9»i 
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and this, flrom the conditions of equilibrium, roust be equal to the moment ol 
rupture, or 

P ft^ r^ . wP wl . 
Ji-^Jv>dzz ^=Y^ 



But wl expresses the entire weight distributed over the solid ; therefore, froix 
tliis last equation, it follows, that its effect upon the solid is the same as if 
half this wei^t were suspended from the end of the solid. 

If the solid, besides supporting a weight w uniformly distributed over each 
unit of its length, has also a weight W suspended at its end, the conditions of 
equilibrium wUl be 

6 a 

Solids of equal resistance, — This term is applied to solids in which the 
material b so distributed, with respect to the force, that the strain arising from 
it is the same at every point of the solid, and the tendency to rupture is there- 
fore the same at all points. In a beam of a uniform rectangular cross section, 
for example, placed under the circumstances supposed in the preceding cases, 
the rupture will take place either at the end where the beam is firmly fixed, or 
at the middle point where the ends rest on props. As these are the weakest 
pomts, there will be an excess of strength at all other points, and therefore a 
waste of material. These considerations have led to an examination of forms 
by which this waste might be avoided. The change of form of the solid is 
usually effected by varying the dimensions of its longitudinal section made by 
a plane through its axis, the plane of section being ^ther parallel to the lino 
of direction of the force, or perpendicular to it, preserving either the breadth 
or depth of its cross section the same at all points. 

Suppose a beam (Fig. K), of which the 

upper side is a plane surface, placed in a 

horizontal position, firmly fastened at one 

end, and strained by a weight W at the 

other; it is required to determine the 

form of its longitudinal section by a plane 

through its axis parallel to the direction 

of W, the breadth of the cross section 

beuDLg the same throughout 

tig. K. Let / represent the length of the 

portion of the beam strained, h the uniform 

breadth of its cross section, d its depth at AD, where the beam is fastened, 5; 

the deptti of the cross at any point, the distance of which from B, where W 

acts, is X, 

To find the value of d there obtains from the inreceding equations 
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tnd for the relationa between y and x 

6 ~ hence y"=s-g^=- — ; 

A relation between y and x which expresses that the longitudinal section of 

the beam must be terminated at the bottom 
by a parabola, the vertex of which is at the 
point B. From the conditions of the pro- 
blem a solid so shaped will offer an equal 
resbtance at every point to the strain arising 
from the action of W. 

Suppose, as in the last case, the top surface 
of the solid plane (Fig. L), iu breadth 
uniform, and that the strain arises from a 

weight t0 uniformly distributed over each unit in length of the top surface. 
Adopting the same notation as in the previous case there obtains, to find the 

value of d 
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6 



2 



, hence d 



I /3» 



and to obtain the relations between x and y, 

a relation that shows that the lower line of the longitudinal section is the 
right line BD« 

Suppose a solid (Fig. M) with 
a rectangular cross section of 
uniform breadth throughout, the 
lower surface being plane, laid 
horizontally upon supports at its 
extremities, and strained by a 
weight placed at any point between 
the points of support 

Represent by b the uniform breadth of the cross section, by d its depth at 
the point where W acts, / half the horizontal distance between the supports, 
and c the distance between the point D, where the weight acts, and the poiiit 
C, the middle point between the supports A and B. The solid will evidently 
be in the same state as if it were confined at the point D, and a weight equal 

to W — were applied at the point A, and in a contrary direction to W» IIm 
conditions of equilibrium therefoie will be 
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It is evident from the preceding that, in order that the solid shall be equally 
strong throughout in this case, the top of it must be fcrmed of the portions 
of two parabolaa, the vertices of which are at A and B. 

Were it requured to ascertain the form of the longitudinal section, so that 
the solid should be equally strong to resist the action of the weight when 
placed at any point between the supports, the preceding equation of equi- 
librium will serve to establish the relation between the parts. For repres^t- 
ing the depth of the solid at any pomt by y, and by x the corre^onding 
distance from the middle points between the props to Uie point D, where the 
weight acts, the preceding equation ^1 take the form 



R^=W 



a/ 



which is the equation of an ellipse of which the vertices are at the p<Mnta A 
and B, and of which the semi-conjugate is expressed by 



V RF- 




Suppose a solid (Fig. N) with a unifoim 
thickness J in the line of direction of the 
weight, but of variable breadth, subjected 
to a strain arising from a weight uniformly 
distributed along the centre line AB of the 
solid. 

Representing by y any ordinate PM of 
the curve which bounds the top surface 
j>ig, If. of the solid, and by xf its abscissa PB ; by 

XD the weight borne by each Imear unit of 
AB ; hydx any elementary portion of AB, at the distance x from B; then 
to dx will be the weight distributed over the element dx. To express the 
conditions of equilibrium between the moment of rapture of the cross section 
at PM, and that of the weight of any portion of the solid of the length x, 
there obtains, 



Representing by 2 = AB the length of the solid from DC where it is finnly 
fixed, and by 6s= AC, the foregoing expression becomes 

R --- = iirP; hence h = . 

6 Ra* 

Since for the cross section at AC, » =» 2' » Z, and y* ^h. 

The preceding expressions show that the curve CMB is a paiaboli^ el 
which C is the vertex, and the line CA the axis. 
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From the preceding examples, the relations between the moment of raptors 
and the strain caused by a force acting in a given manner on a solid of any 
form of cross section, whether constant or variable, may be established when the 
dimensions of the cross section are connected by any geometrical law. In the 
most important cases in structures, these relations are usually expressed in th« 
most simple terms for convenient arithmetioal calculation, the constant, 
represented by R in the preceding equations, being determined from experi- 
ments made on the solids of the form to which the formulas are applicable. 
Examples of formulas derived in this manner, and adapted to arithmetical cal- 
culation, are given in Art 320, page 92, and at the end of Note A on tubular 
bridges. 

A large number of experiments have been made to ascertain the value of R, 
by submitting solids of a rectangular cross section to cross strains producing 
rupture. As might have been anticipated, the values of R so determined vary 
eonsiderably. The mean value for timber is usually taken at 12,000, and that 
for cast iron at 40,000. In practical applications, the value for timber is 
reduced to the one-tenth, or 1200, and that for cast iron to the fourth, or 
10,000, of that determined by experiment, when the formulas are used to fix 
the strain to which the material can be subjected in safety in the ordinary cases 
of struetnres. 

Afoftner tf estimating ihe strains enframes cf ttimgiA hwfiM of rectangular cross 
section, and the relaiions hettoeen Ihe strain on each piece and its dimensions. 

The problems presented under this head consist of two parts : the first, to 
Aod the directions and intensities of the strains on the component ports of a 
frame, composed of straight beams with rectangular cross sections, arising from 
a given strain acting at any assumed pomt of the frame ; the second, so to pro- 
portion the dimensions of each part that it shall resist, without danger of rupture, 
the strain thrown upon it The first part depends for its solution on the two 
fundamental propositions of statics ; the parallellogram of forces and the theo- 
rem of moments. The second is but an application of the preceding formulas 
in this note. 

Solid Built Beams. — The resistance offered by this class of beams to a cross 
strain will depend on the manner in which the pieces are placed together, and the 
connexion between their surfaces of contact In beams like (Fig. 67), p. 171, 
art 602, in which each course is formed of two or more beams abutting end to 
end, and all the courses are firmly secured to each other, so that the surfaces in 
contact cannot slide on each other, we may regard the strength of the beam, 
supposing the courses of equal thickness, as equal to that of a solid beam having 
a depth equal to that of the built beam diminished by the thickness of one course. 

Where each course consists of a single beam, and the whole are united so as 
to prevent sliding (Figs. 69, &c.), then the resistance offered may be regarded 
the same as that of a solid beam of equal depth. 

Adopting the same notation, as in the preceding part of the note, for beams 
•f rectangular cross sectioi, the formulas for a solid beam, on pp. 886-7-8, may 
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be used in these eaees of built beams, under like drcmnstances of the posiiio« 
of the beam and the point of application and direction of the strain. 

The fonnula at the bottom of p. 389 is apj^icable to this class when snb- 
mitted to a strain acting at any point between the centre of the beam and ita 
points of support 

In all such cases, howeyer, the liability of the beam to break at one point rather 
than another, owing to the manner in which it is built, must be carefully con- 
sidered, and a suitable modification of the formula be made, if requisite. The 
quantity R also, which enters into the formulas, and which for solid timber it is 
stated should be reduced to 1200 lbs. in cases of practice, may be further 
reduced one-third in such cases, to be on the side of safety. 

Open BuUt Beams,— In this class of beams (Fig. 63), p. 172, in which the 
breadth and depth of the solid parts at top and bottom is the same, the relations 
between the weight that the beam will bear with safety applied at the centre 
point between the supports, and the other quantities wOl be 

in which R' is tiie reduced value of R. 

Solid Beams^-— From tiie formula (D), p. 386, by substituting R' for R, thero 
obtains 

which gives the relations ynhvEk must exist between the weight and dimensions 
of tiie beam, in order that the strain on the unit of surface of the fibres shall not 
exceed the quantity R'. If, in addition to the strain arising from W ^plied per- 
pendicuhu-ly to the axis of the beam, there was another W acting parallel to the 
axis, so as either to compress or extend itie fibres, this would cause a stram on 
the unit of sur&ce of the cross section expressed by 

W 

In order, therefore, tiuit the total strain arismg from W and W, applied as heie 
supposed, shall not exceed that which the unit of cross section can be submitted 
to with safety, there must obtain 

_, Wl W 

If we now suppose a beam (Fig. O), fiut- 
ened at one extremity, to be subjected to a 
^^ strain applied at ^e other obliquely to tiie 
1^ axis, we can regaid the oblique strain as 

replaced by its two components, the one per- 
^ pendicular ^e other parallel to the axis of the 

beam. Representing the perpendicular eom- 
'*• • ponent by W, and tiie parallel one by W, Om 
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tame rei&tio&8 wOl evidenHy obtain between these components and the other 
quairaties as in the preceding case, in order that the stram on the unit of area of 
the cross section shall not exceed R'. 

When a pressure, or a force of extension is applied 

parallel to the axis of a beam (Fig. P.), but not in the 

same line with it, its effects will be to compress, or extend 

the beam in the direction of the axis, and to produce a cross 

strain on the fibres, owing to the tendency to bend the 

beam. 

Supposmg a vertical beam a. b, fiutened at the point A, 

^g ^vr- and a weight W applied at the extremity of another beam 

^IjkHp B c, firmly connected with the first, and perpendicular to 

""^ its axis. The compression of a B, in the direction of the 

Fig- P* axis will be equal to the entire weight W, and that on the 

unit of area Mill be 

W 

bd' 

h which & is the breadth, and ithe thickness of ab, the latter estimated in the 
plane through the axis in which the force acts. 

Representing by h the horizontal distance b c, from the axis at wliich W acts, 
its moment will be equal to the moment of rupture of the fibres, or 

Wfc= JR'6rf« 

In order, then, that the stram on the unit of area shall not exceed the prescribed 
limit there obtuns 

Wk W 

^bd^'^ bd 



R' = i 



Let the case now be supposed of an in- 
clined beam, a b, which rests on a horizon- 
tal surface a c, whilst the upper end Ees 
against a vertical sur&ce Bc, the beam 
having a weight W, suspended from its 
middle point a 

Represent by I the length a b, of the 
beam, and by a, the angle between its axis, 
and the vertical at o. 

Leaving out of consideration the ^tion 
between the foot of the beam and the 
horizontal surface on which it rests, it is 
evident that the reaction of the vertical 
surface against the upper end would cause the beam to sUde along a c, and 
that to ^vent this, the end, a, must be confined. T^e tendency of W, there- 
fore, will be to torn the beam around the pomt a, and this will be counteracted 
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by the reaction of b, acting horizontally. Designating Jui foije of reaction al 
B, by P, there obtains from the theorem of moments, 

PxadssWxab; 
or, substituting for ▲ d and ▲ e their respective Yalnes, I cos. a, and i 2 sin. a. 
P = J W tan. a. 
By confining the foot of the beam, an equal horizontal force is called into 
play at ▲, whilst the total wei^t, W, is supported at the same point The total 
pressure at a will, therefore, be the resultant of these two forces, which are 
perpendicular to each other, and will be expressed by 

VW*+iW»tan.\i = W Vl + |tan.*a. 

Or representing by A b and A c the directions and intensities of the two forces, 
W, and i W tan. a, the diagonal, A d, of the rectangle will represent the direction 
and intensity of the resultant. 

Having thus found the magnitude, direction, and point of application of the 
two forces, there is next to be considered tiie strains to which they subject the 
fibres. To do this, the beam nuiy be regarded as confined at the point o, the 
lower portion, o a, being acted upon by the two forces, A b and A c, at the point 
a; the upper portion, ob, by a horizontal force equal to Ab, at the point b 
Decomposing the force Abs=i W tan. a, perpendicular and parallel to the axia 
A 0^ the components will be repreaented respectively by 

i W tan. a eoa. u; and i W tan. a sin. a. 

The components of W in the same directions are 

W sin. a; and W cos. a. 

^t will be observed that the components perpendicular to the axis, and which 
nroduce a cross strain, act in opposite directions with an intensity equal to their 
difference expressed by 

W sin. a — i W tan. a cos. a=i W sm. a. 

The components parallel to the axis act in the same direction, comprearing the. 
fibres with an intenaity equal to their sum, and expressed by 

W COS. a + i W tan. a sin. a = W COS. a (1 + } tan. 'a). 

Repreaentang by b the breadth, and d the depth, of the beam estimated in the 
plane of the forces, there obtains, as in the preceding case, to represent the lunit 
of the strain on the unit of area 

„, j^Wsm. aZ , Wcos.a.(l + ^tan.«a) 
^ =*-F?- + bd " 

Considering next itie upper half o b, which is acted on only by ihe horizontal 
force at b, equal to i W tan. a ; the components of this force, peipendicular and 
farallel to the axia. are 

i W tan. a COB. a j and i W tan. 0. sin. 0. 
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The perpendicular compcHieiit prodnciiur a cross Btrain, and the paraUel one a 
strain of compression. To express the limit of the strain on the unit of are# 
for this portion, there obtains 



E' 



^ Wan. a I . , W tan. a. sm. a 




To prevent the flexure of a horizonta 
beam, as a b (Fig. R), confined at one end, 
and sustaining a weight at the other, an 
inclined strut d c is placed beneath it, 
abutting against some fixed pomt as d, and 
against the beam at some point between a 
and b; or else a tie is used leading from a 
point G, to some fixed point, as e above. 

Represent by I the distance a c, by 2^ that 
B ; by a the angle that the axis of the strut 
makes with the vertical. 

As the point c is fixed, the weight W, act- 
ing at B, will tend to turn the beam around 
this point, and this will call into play a ver- 
tical force at the point a which, from the 
theorem of moments, is expressed by 

the fixed point c, therefore, sustains a vertical effort wMch is equal to the sum 
of this force and W, and is expressed by 

As the point c is supported by the strut, the vertical force at c may be 
decomposed into components in the direction of the axes of the strut and th* 
beam. That along the strut wQl be expressed by 

2 COS. a 
and will compress it in the cBrection c d. The one along the axis of the beam is 
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l 



-tan.o. 



and will produce a "train of extension on the part a o of the beam. This por- 
tion A c is, thewfore, subjected to a cross stram, which tends to rupture it at c, 

ftom the force IV j it Ae pomt a, and to extendon from the force acting along 

its axis, rhere obtains* theiefoie, to express the Ifanit of the stnhi on toe unit 
off 
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_, 6Wr . Wd+ZQtan.* 

*=-Td«~+ — rT3 — " 



For the atrat then obtains, 



R,_ wq + o 

Zco8.a6' <r 



(^ and i being the two aides of its rectangular cross section. 

If the beam ▲ b (f^. S) is supported by a vertica. 

post ▲ E firmly listened at ▲, the strains on the strat 

and the part a c will be estimated as in the case 

just examined. As to the strains on the post, it will 

/ I be observed that the force acting along the strut, and 

A which is represented by 

* 2cos.a 

will be transmitted to the point d. This will be oqm- 
valent to a horizontal force represented by 



Fig. 8. 

and a Tertieal one represented by 



Wri4-^tan.fl; 



1 



W 



^ 



acting ata 

From the conneadon formed by the strut between the horizontal beam and 
the post, the effect of these two components wili be to cause a pressure on the 
part D E of the post, which wUl be equal to W; and to produce a cross strain by 
the horizontal force, the moment of this force being expressed by 

l_ 
tan. a ' 

To express, therefore, the lindt of the stndn on the unit of area of tUs part d k, 
there obtams 



wL+Iton.ax;^ = W(i + r). 






In like manner, the part a d will be suljected to a cross strahi from tiie hori- 
zontal force above-mentioned, which tends to cause rupture at the point D, and 
Co a strain of extension, acting upwards along a d, frtnn a vertical foroe at a 
exivesaedby 

wt. 

TIm dmit of the strain, therefore, on this portion wQl bo 

„, ewrt + o wr ^^ 
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By comparing the two expreBsions (X) and (Y), it wiU be seen that they wil! 
be equal when 1=1', in which case the post will have an equal tendency to 
rapture at d, or at any point of the portion d b. When 1 < Y then the tend, 
eocy to rapture is rather hi the part n e, than at d. 

The diacuaaion of the stndna on (Figs. R 
A n -D n/ A/ '^^ ^} luiturally leads to a consideration of 
combinatLons of beams represented in (Figs. 
R' and S'). 

In combinations of tins kind, the simplest 
and safest plan consistB in supposing the 
frame resolved into parts, such that either 
alone will be strong enough for the object 
in view, and to regard their combination as 
affording an excess of strength suffident to in- 
**•*'' sure perfect safety from rupture. In (Pig. R'). 

which consists of a horizontal beam, restmg on the points of support a, a', 
and supported at the intermediate pomts c, &, by struts n c, d' c', firmly con- 
nected with the beam, and at Hie fixed points, d, d' ; the beam, hi the first place, 
may be regarded as alone supportmg the weight, W, at its nuddle point b, and 
the area of its cross section be so determined, that the strain on the unit of area 
shall not be greater than the limit fixed on. Having calculated the dimensions of 
the horizontal beam in this manner, the weight may, in the second place, be 
regarded as supported by the portion c c' of the beam, and the two struts d c 
and d' c',in which case the strains on these parts, and their linuts on the unit of 
area of their cross section will be determined by considering, that at the pomts 
and & a vertical force i W is acting, the components of which m the direction 
OD and CB are respectively 

W 

s : and l W tan. a. 

Representing by V and d' the ddes of the croM aeetion of the atrot, there 
obtahiA to express the limit of the stram for it 

W 



R' = 



acosToFi" 



For the portion of the beam c (/, it may be regarded as confined at its middle 
pdnt, vdiere W acts, and subjected to the two forces i W, and i W tan. a, the 
first producing a cross strain, and the second one of compres»on in the durection 
of its axis. Representing the distance b o therefore by f , there obtains to 
express the limit 

Representing by I the duilance ac, the:e obti^ to espraM the Knit, wfaai 
the bMin aa' alone siistaina the woij^t, 
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(V.) 




Fig. 8'. 



Mow, eompaiing tbe two values of R' in the ezpreaeions (X') and (Y'), it wiL 
oe seen that the combmation of the strats and ti:e piece c c' alono wiL b& 
itroniper than the beam aa' alone, when 

tan, a < -t-. 

In fike manner in combinations like (Fig. S^ 
in which the points of support are two post^ 
X E, and a' b', firmly fastened at E and e', we 
may regard, in the first place, the beam a a 
and the two posts as alone sustaining the en 
tire weight W, applied at B, the centre point of 
A a', and ascertain the limits of the strains to 
which these pieces can be respectively sub- 
jected. Then the weight may be considered as 
sustained by the portion cc alone, the two 
struts, c D, and c' n', and the posts. HkviBff 
ascertained, as hi (Fig. S), the stndns on theai» 
parts, and the limits to which they can be sub- 
jected, if it be found that either of these combinations alone vnSl be suflSdeudy 
strong, then will the entire, combination have an excess of strength. 

As the beam a a' is firmly connected with ^ posts at a and a', a stram of 
extension will be thrown on the portion a g, from the pressure at d acthig 

through the strut o d, ^nhkdi prosaure is represented by-^ • This agab 

may be regarded as equivalent to a horizontal and a vertical force respectivei| 
represented by 

Wtan.a , W 

;; 9 and -rr* 

Representing by A, and V the distance s d, and t a, the horizontal force wfli 
cause a strain at a, acthig in the direction a c to extend this part represented by 

WVtMua 

a(h + i?r 

ind one at ^ fixed poht s represented by 

W^tan.a 

T(hTF7* 
These two components of the horizontal force at n will cause a cross strain on 
the post We may, therefore, regard the post as confined at the pomt d, and 
^ portions on each side or d subjected to a coss strain from the horizonta 
components, the moments of which components wQl be the same, and reapeet 
Ifely represented by 
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WJbVtan.g 

and to a strain in the direction of the axis repreeented by .!^. The limit there 
fore, of the strain to which the post can be subjected will be 

in which h* and d' are the sides of the rectangular cross section of the posi 

Strtnning and Tie Beam.-^If the struts c D, c' d' (Figs. R', S'), inatear 
of being connected with the beam ▲ a^ abutted against a straining beam placec 
beneath the portion c c', as shown by the dotted line, then the horizontal strain 
on the beam a a', from the action of the struts, would be borne by the strain* 
faig beam alone. This portion of the frame, composed of this beam and the por- 
tion c c' of the beam a a', may be regarded as a single beam submitted to 
a cross strain from the weight W, and to a strain of compression on the stndn- 
ing beams alone from the horizontal component of the pressure at the point c or 
d, and the relations between the limits of the strain on the unit of area and the 
dimenaons of the beams be found as in the previous cases. 

If the struts, instead of abutting at b and d' against the wall, or posts, were 
confined by a tie beam shown by the dotted lines d d', this beam would relieve 
these pomts from the horizontal pressure, and would itself be sulyected to a 
strain of extension equal in amount to the horizontal strain on the straining 
beam. 

In the preceding cases, the frame has been considered as subjected to the 
action of a strain acting at one pomt alone ; if, in addition to this, the beam a a' 
was subjected to a strain uniformly distributed along it, the vertical pressures at 
c c' and a a' would have to be increased. Representing by to the weight uni- 
formly distributed on the unit of length of a a', the total weight on the portion 
A G will be represented by ir 2, and that on the portion b c by to f ; the vertif 
eal pressure at c arisiDg from these two will, therefore, be represented by 

iwi + toT, 
and this must be added to the vertical component of W at the same point, in all 
(lie preceding formulas, to make them applicable to this case. 

Combinations, like (Fig. T), com- 
posed of two inclined pieces, a o 
and B 0, abutting against each other 
at A, and confined at b and c, either 
by bemg hiaerted mto a horizontal 
tie beam, or abutting against fixed 
pomts, may be arranged either for 
sustaining a vertical strain at tlie 
point A, as that arising from a 
"^^ weight suspended at a; or» m ia 
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he ease of the rafters of a roof truss, to sustain a pressure uniformly distri- 
buted over the two inclined pieces. 

Representing by p and 9, the angles between the inclined pieces, and the 
vertical through ▲, the components of W, in the directions a b and ▲ c, wiL 
be respectively represented by 

_Bin^_7 ^ Bin.p 

^SnU+q)' ^sin. (p + 7)' 

and the horizontal pressure at ▲, which is the same as the horizontal strain al 
the points b and c, is represented by 



W 



sin, p sin, q^ 
an. (p + q) 



Each of tnese beams may, therefore, be regarded as confined at their lower 
points, and subjected at theff upper ones to the strains in the direction of their 
axes just determined ; and firom these the relations between the limits of the 
strain on the unit of area and the dimensions of the beams can be determined as 
in the preceding examples. 

When the angle p is equal to q, the strains in the direction of each beam ^ill 
be expressed by 

W 



and the hoiuontal strain by 



3coap' 



iWtan.p. 



Were the beams in this last case, instead of supporting a vertical pressure at 
tne point ▲, each subjected to a vertical strain applied at any point between a 
and the foot of each beam, it is obvious that each would be in the same condi- 
tion as the one (Fig. Q), and that the horizontal strains at the points a, b, and 
c, those in the direction of the axes of each beam, and the total pressure at B 
and c, would be found as m (Fig. Q) ; and from these the relations between the 
dimensions of the beams and the limit of the strain on the unit of area be in like 
manner determined. 

The applications of the preceding problems to the analogous cases of frames 
composed of rigid materials, as timber and iron, wiU be readily seen on a com- 
parison of the forms in Art 607, and the following, with those wliich have just 
been the subjects of examination. The main difficulty in each case will be in 
determining tiiose strsins both in intensity and direction, which arise from the 
reciprocal action of the component parts of the frame, and this wfll be most 
easily overcome by supposing the parts pressed against removed, and their reabt- 
ance replaced by forces acting in the same directions as the resistances; as, fe 
example, in the case of (Fig. Q), whore a horizontal force at b might be mad* 
to replace the resistance of the wall against which the beam rests, &c. 

In all cases, moroovery whare a strict equilibrium does no( obtain, dither I 
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the strains being traoBmitted to fixed points, or by eqnal oonnteracting forces, 
the stabilily of the fhuning will depend on the Joints, or connexions of the 
beams; and wberever there is a tendency to the rotation of any one of the- 
beams aroond a Jdnt^ it most be preyented by the introdnctlon of a strat or tie, 
so placed aa to hold the beami liable to this moTement^ in a fixed podtion. 
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posaeas all the interest of a continuons work on Art, etc, srranged in chapters, without 
Ita teehnicalitlM, making it an agreeable companion to the Drawing Boom. 

** The author is an enthusiast, and inspires the reader with his own intense love tbr the 
True and the Oood. It would be well to make this work a stidy In sshools an- 
aellttgos."— itr. Y. Ofnurmn 



Valuable Scientific Works 

FUBLUUKU BY 

JOHN WILEY, 56 WALKER ST. 

fiURaKSS^ N. G. THE PHOTOGRAPH A2^ AMBBOTYPE MANUAL. 
A Pnctloftl TreatlBe oi the art of taking FosittTe and NegatlTe Fbotograpbs on Pap«t 
and GlaM, dto. 1 toL 18ma Cloth. «1 Oa 

FAIRBAIRN (WM.) O.B., F.R.S., ETC. ON THE APPLICATION 09 

CAST AND WROUGHT IRON TO BUILDING PUBPOSKa 
1 ToL Sra Nnxnerooa onta. Gloth. $S OOi 
**No angUieer can do without chla book."— A9<«iU(^ Amm-ican, 

i^AND BOOK OF YOUNG ARTISTS AND AMATEURS IN OIL 

PAINTING; 
B«lnf ehleflj a eondanaed oompUatlon from the oalabratad Manual of Boavlac, wad 
other dlstlnciiished Continental Writers on the Art Adapted for a Text-Book, as weU 
aa for Self-bistraction. Appended— a new Sxplanatoiy and Critloal Yooabohuy. By 
an American Artist ISmo. Goth. $1 iB^ 

HATFIELD (R. G.). THE AMERICAN HOUSE CARPENTER. 
A Treatise npon Architecture, Cornices, and Mouldings, Framlns, Doors, Windows, and 
Stalni, eta New, thoroughly rerised and improred edition, witn about 150 addittonai 
psges and numerous additional plates. 1 vol 8to. $$ 60. 
** Everj House Carpenter ought to possess one of these books.**— JbttmoJ qf Oommm-ctt 

LESLEY (J. P.). THE IRON MANUFACTURER'S GUIDE, 
To the Furnaces, Forges, and BoUins Mills of the United States, with maps; to which 
Is iqipended a Uistorj of the Manuiactnre of Iron, a summary of the Statistics of the 
American Production of Iron, and a geological discussion of the Iron Ores of the U. &. 
by J. P. Lesley, Secretary of the American Iron Association, and published by order Ok 
the Board of Managers. 1 toL 8va $5 00. 
" Inraluable to cTery miner, manulkcturer, and dealer of Iron.** 

RBID'S VENTILATION IN AMERICAN DWELLINGa 
With a Scries of Diagrams, presenting Examples in Different Classes of Habitation. By 
David BosweU Beld, MD., F.B.SJL formerly Director of the Yentilatton at the Houses 
of Parliament, London, etc, etc To which is added an Introductory Outline of the 
Progress of Improvement in Ventilation. By BUaha Harrla, MD., late Phydcian in 
Chief of the N. T. Quarantine Hoepitals, etc, etc 1 voL Ovo., containing about 100 
diagrams col. and plain. $i 00. 

** We know of no book where in so brief a space, the best means of airtau, warming^ 
and lighting buildings are so clearly set forth, an in that we have Just descriSed.**— Olift- 

SMITH (LIEUT. R. S.). A MANUAL OF TOPOGRAPHICAL DRAWING. 
By Lieut B. S. Smith, XT. S. Army, Professor of Drawing in the ^. B. Military Academy 
West Point 1 VOL 8vo^ pUites, doth. $1 60. 

** We regard the work ss a choice addition to the library of sdenoe and art, and oaa 
that has long been needed by the Professor."— J2. Ji, JoumaL 

SMITH (LIEUT. R. a). MANUAL OF LINEAR PBRSPECTIVK 
Perspective of Form, Shade, Shadow and Eeflectlon. 1 voL 8vol Plates. $1 60. 

** We do not remember to have seen a more complete and popular treatiaa on the sob- 
loot"— iK. B, Joumak 

SMEE. ELEMENTS OF ELECTRO-METALLURGY. 
Berlsed, corrected, and consldersbly enlarged. Illnstnted with Eleotrotypea and 
numerous wood-cutSb 1vol. 12ma |1 S&. 

WBISSENBORN(G.) AMERICAN ENGINEERING. 
Illustrated by large and detached Engravings, embracing various branchea of Mechanioal 
irt, Sta;'oh «.7, Marine, and Locomotive Engines. Manufiuturing Maohinerr, Prlntliig 
l*reesea, To'^U, Grist, Steam, Saw, and Boiling Mills, Iron Bnildings, Ac^ of the newetl 
•nd most «i)v^^^ construction. To be issued in numbers. Price per No. $t 00. 



WOBKS 

PROF. D. H. MAHAN, LL.D. 



Am ELomentary Oonrse of Oivil Sngiiieefing, 

For tife Use of the Cadets of the United States Military Academj. 1 toL 8to.» 
with nameroiis wood-eatai New Edition, with large Addenda, Ae, Full eloth. 

18 oa 

Thu Work U tued aa the Text-book on ihii raUoct in the TJ. 8. Military Academy. It ia daainad 
alao for uie ia other inatitutioiia. The body of the Work ia confined to a anocinct atatement of the 
iacta nnd prindplea of eaoh aabject contained in it. The Appendix eonaiata of the mathematical 
demonatntioma of pxinciplea foond in the te^ with Nolea on any new facta that firam time to time 



n. 

A Treatise on Field Fortification : 

Containing Instmoiions on the Methods of Laying Oiit> Constmoting, Defending, 
and Attacking Intrenchment& With the General Outline^ also^ of the 
Arrangement, the Attack and Defence of Permanent Fortifications. Third 
Edition, revised and enlarged. 1 yoL, fnll doth, with steel plates. |1 00. 

Thia Work ia the Text^book on thia anbiect need in the U. 8. Military Academy. It ia aba 
deaigned aa a practical work for Officeza, to be need in the field in planning and throwing np entrend^ 

m 
AN ELEMENTARY TREATISE ON 

Adyaneed-Onardi Ont-posti and Betaohment Serrioe of Troope, 

And the Manner of Postinff and Handling them in the presence of an Enem j. 
With a Historical Sket<m of the Rise and Progress of Tactics, <&cl, dc, intended 
as a Supplement to the System of Tactics adopted for the Military Seryice of 
the United States and espedaUy for the nse of officers of Militia and 
Volunteers. 1 yoL 18mo, ftul doto, 76 cents. 

Thia little Work ia deaigned to aopply to aome extent a want mnch felt amenff OlBoen in the oat* 
■et of their dntiea, by pointing ont to them the more nanal rulea for poating and handling troopa in 
the daily aenricea of a campaign. 

IT. 

Industrial Drawing; 

Ompruung the Description and Uses of Drawing Instrumental^ the Construction 
of Plane Figures^ the Projections and Sections of Geometrical Solids, Archi- 
tectural Elements^ Mechanism, and Topographical Drawing ; with Remarks 
on the Method of Teaching the Subject For the use of Academies and 
Common Schools. 1 vol. 8yo., twenty steel plates, full doth, f 

The deaign of thia Work la to teach Geomemeal Drawing, aa applicable to all induatrial pnranita^ 
in a aimple, practical manner, to peraons eren who have made no attainmenta in Elementary Mathe- 
malica. For this parpoae the method recommended ia the oral one, in which each operation will be 

Emed by the Teacher before the eyea of the pnpili by whom in tnm it will be repeated. !t ia 
that the Work will alao be foond utefal to all who are preparing thamialvaa lor any of the 
arial pnrioiu in which Geometrical Drawing ia reqoired. 

T. 

Treatise on Permanent Fortiflcations. 

Ihlt work is a litho^aphed yolume, with a number of Plates^ and is used as the 
Text-book on this branch in the U. S. Military Academy. Not being a sub- 
ject of general interest, the sale of it would not warrant its being printed and 
published in the usual form. Priee |8 00. 

*•* !%• AtfOTOltfU rtftmi, ie in Oa Prefatory lUmarU U tk* Indtutrial Dmotug Aeelc, Ugm 
iUr loUk tJU Drawing JkrfnisMiito, maf U eftCs^sad tif Jckn Wilegt 197 Brmdw^ff, is 
ffMHtftfy crbgtiU »ingi» UL 



Downing's and otber Agriciltural Works 

PDBUBHID BT 

JOHN WILEY, 66 WAIKER ST 

DOWNINa, A. J. THB FBUITS AND 7RUIT TBBB3 OF AlUBRIGA, 

Or, the Oaltaro, PrapantloB, and BCaiugeineiit tn the Garden and Orchard of Tnik 
Trees gjanerallT; with deMriptlone of all the floeet Tarlettes of froit, Batire and foradga. 
eoltiTated in tals eoontry. Hev edition, thoroashlj rerlaed, with very lange additlaiu^ 
aipeoiaUj in apples and pears. Edited by Oharlea Downing. Eeq^ brother of the lata 
A. J. Downing. One toL ttmo., eontalning over TOO pages. |9 00. 

** Ko man who has a plot of 00 foet ianare should be withont this book ; while to ihm 
•wner of aores it is beyond all price.**— iretebiiivA OoM^tU, 

** This book Is, therefore, in our opinion, the yery btet work on Fnilts that we haTe.*^ 

"^WehaU the prwentwork as the bast Ameriosn Fnilt Book extant**— OMo OWM 



DOWmNG, A. X GOTTAaB BBSIDENCES: 

A Series of Designs for Boral Cottages and Oottage YlUas, and their Gardens and Grooad^ 
adapted to North America. Zttnstrated by nnmeroos engraTlngSk Third edltloB. Oro. 
Gloth. Uml ., -^ -^ 

'*' Here are pleasant pieespts^ suited to oToiy scale of Ibrtuie among na: and gensnl 
mazlins which msy be stndlad with almost equal proUt by the householder in the crowd 
ed city and the man of taste who retlrss with a Aul purse, to embody his own ideas of a 
rural noma.** 

DOWNING, A- J. LlNDLBT^°HOanCULTITRB. 
Withaddittens. OaaveLlSma $1 Ml 

DOWNING, A. J. LOUDON'S GABDBNING FOR LADIBS^ 
And Oompanlen to the Flowar Garden. By Uxt>, Loudon. Iteo. COoth. $1 50. 

y. 

DOWNING, A. J. WIGHTWIOK*S HINTS TO YOUNG ARCHlTECrra^ 
CUculated to flMlUtate their practical operaflon: with additional Notes and Hints to 
PeiaoBsaboat Building in t^Ooumtry. Ovo. doth. $1701 

PARSONS ON'tHB ROSE. 
The Boso— Its History, Poetry. Oultureu and Olasslflcatlon. With two large colored 
Dlates, and other engraylngiL In one yoL ISmow New edition, with additions^ Cloth. 

** This elegant yolnme, doyoted to a sutijeet of unlyersal attraotlyaneai, and oTtaustlng 
most of the lesmlng which sppllca to it, deseryas a wide popularity.** 

EEICP ON LANDSCAPE GARDENING. 

Uow to Lay Out a Garden. Intended as a general Guide in choosing IbrmH §t or Im- 
proving an estate (from a quarter of an acre to a hundred acres in extent), with reference 
to both deslcn and exeontlon. By Edward Kemp, Landscape Gardener, Birkenhead 
Park. GreaUy enlarged, and illustmted with numerous plana, seoticna, and sketohes of 
gardens and garden objects. 1 voL ISmo. Cloth. Gilt $S 00. 

** Thto is tust the book that thousands want**— ^. F. Oburvf. 

** It should be in the handa of every one who makes even the dlghtest prstemAona la 
Gardening.**— PiU2a. Otty nmk 

OLAUSSBN. THB^LAX MOVEMENT. 
Its Importance and Advantages ; with Directions for the Preparation ot Flax Cotton, and 
IhaOuIttvattoaofFlaK. By the OhsvaUer CUoasen. Umo. ISoents. 

LIBBIG. PRINCIPLES OP jSsRICULTURAL OHEMIBTRY 
With special reference to the Ute researchea made in England. 1 voL ISmo. Cloth. flOa 
%* ObpiM totU b4 maiUd to any addrestt^ and prepaid^ on ih6 rmsolpt ^ ih^prim 
CMe and SooUUst^eUl fte tugtplM uith Oe vH>rk«firpfmnium$, at a dUeovmL 
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I^UBLIC LIBRARY. 



The Subscriber hereby gives notice that aU books be- 
longing to the Public Library must be returned on or before 
the 31st day of the present month, under penalty of a fine 
of one dollar. The Library will then be closed for the 
Annual Examination required by law, and will be re-opened 
on the 1st day of September. 

By order of the Trustees, 

C. C. JEWETT, 

SUPSRIHTBNDBIfT. 

July 6, 1865. 

N. B. The White Library Card must be shown when 
a book is returned. 
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The boiTower must return this item on or before 
the last date stamped below. If another user 
places a recall for this item, the borrower will 
be notified of the need for an earlier return. 

Non-receipt of overdue notices does not exempt 
the borrower from overdue fines. 



Harvard College Widener Library 
Cambridge, MA 02138 617-495-2413 




Please handle with 

Thank you for helping to preserve 
library collections at Harvard. 
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